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EFFECT  OF  CERTAIN  TISSUE  EXTRACTS  ON  RED  BLOOD 
CELL  REGENERATION  * 

By  ANDREW  JENEY  and  JAMES  W.  JOBLING. 

{From  the  Deparment  of  Pathology,  College  of  Physicians  and  Surgeons, 
Columbia  University,  New  York.) 

(Received  for  publication,  August  16,  1927.) 

While  most  of  the  anemias  in  human  beings  are  due  to  some  well 
known  cause,  and  are  for  this  reason  looked  upon  as  secondary,  there 
are  instances  in  which  the  cause  cannot  be  determined,  though  the 
blood  changes  indicate  that  even  these  are  of  the  secondary  t)T)e. 
For  this  reason  most  of  the  experimental  work  done  in  the  past  in  the 
attempt  to  obtain  more  information  as  to  the  cause  of  anemia  in 
human  beings,  particularly  pernicious  anemia,  has  been  based  on  the 
supposition  that  it  is  due  to  some  form  of  intoxication.  Recently, 
however,  evidence  has  been  furnished  indicating  that  the  course  of 
experimental  anemias  in  animals,  as  well  as  of  pernicious  anemia  in 
human  beings,  may  be  favorably  influenced  by  special  diets.  This 
suggests  that  some  of  the  obscure  anemias  may  be  due  to  the  lack  of 
some  substance  in  the  body  which  is  essential  to  normal  blood  forma¬ 
tion  and  which  may  be  furnished  in  the  food.  The  recent  work  show¬ 
ing  that  calcium  metabolism  may  be  affected  by  various  means  sug¬ 
gests  that  the  same  may  be  true  of  iron. 

Experiments  planned  to  show  the  effect  diet  may  have  in  producing 
anemia  in  animals  have  not  been  very  fruitful.  Many  such  attempts 
have  been  made  with  diets  poor  in  iron,  or  in  some  other  supposed 
essential,  but  the  results  were  usually  negative.  Malnutrition  in 
animals  can  be  easily  produced,  but  this  is  never  accompanied  with 
the  characteristic  blood  changes  seen  in  pernicious  anemia. 

Usually  it  is  thought  that  the  oxygen  requirement  of  the  body  is 
the  most  important  controlling  influence  in  determining  the  number 
of  red  blood  cells  in  the  circulating  blood,  and  this  belief  has  received 

*  This  work  was  aided  by  a  grant  from  the  Eli  Lilly  Company. 
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considerable  support  from  the  experiments  made  on  animals  and  hu¬ 
man  beings  which  had  been  kept  at  high  altitudes.  However,  neither 
this  work  nor  the  work  with  diet  proves  that  there  may  not  be  some 
other  regulatory  mechanism,  possibly  located  in  the  liver. 

In  1904  Perrin  (1)  reported  good  results  in  the  treatment  of  three  cases  of  severe 
anemia,  which  were  associated  with  hepatic  cirrhosis,  by  adding  fresh  liver  to  the 
diet.  The  results  obtained  with  the  feeding  of  liver  by  Whipple  (2)  and  his  as¬ 
sociates  in  the  treatment  of  experimental  anemia  in  dogs  and  by  Minot  and  Mur¬ 
phy  (3)  in  the  treatment  of  pernicious  anemia,  have  made  it  evident  that  this  organ 
plays  an  important  part  in  red  blood  cell  formation.  Recently  Whipple  and  Rob- 
scheit-Robbins  (4)  have  found  that  water  and  alcoholic  extracts  of  liver  fed  to 
dogs  wdth  long  continued  anemia  likewise  promote  red  cell  regeneration.  It  will 
be  noted  that  all  of  WTiipple’s  experiments  w’ere  made  with  dogs  which  had  a 
long  continued  anemia. 

The  belief  has  been  prevalent  for  a  number  of  years  that  the  spleen  in  the  adult, 
through  a  stimulating  action  on  the  bone  marrow,  influences  blood  formation. 
Though  this  view  is  not  accepted  by  all  observers,  it  is  well  known  that  it  is  directly 
concerned  in  blood  formation  during  fetal  life,  and  particularly  during  adult  life, 
in  the  processes  of  red  blood  cell  destruction.  But  what  is  the  evidence  in  support 
of  the  belief  that  the  spleen  produces  an  internal  secretion  which  regulates  the 
number  of  red  blood  cells  in  the  circulation?  For  a  detailed  discussion  of  the  func¬ 
tions  of  the  spleen  the  reader  is  referred  to  the  recent  papers  by  Eddy  (5)  and 
Knunbhaar  (6). 

Brinckmann  (7)  fotmd  that  feeding  normal  rabbits  with  fresh  ox  spleen  caused 
a  reduction  in  the  red  and  white  blood  cells.  Zalinski  (8)  and  Danilewski  (9) 
reported  a  marked  increase  in  the  number  of  red  cells  by  a  single  intraperitoneal 
injection  of  splenic  extract,  but  Patou,  Gulland  and  Fowler  (10)  were  imable  to 
confirm  these  observations.  Krumbhaar  and  Musser  (11)  also  report  an  increase 
in  the  red  count  following  the  injection  of  a  fresh  splenic  extract.  This  increase 
lasted  1  or  2  days.  Eddy  (5)  in  his  experiment  used  saline  extracts  of  powdered 
dried  spleen  and  protein-free  extracts  of  fresh  and  dried  spleen.  The  red  cell 
cormts  were  made  at  half  hour  intervals  and  continued  4  to  5  hours  after  the 
mjection.  Each  of  his  preparations  caused  a  decrease  in  the  number  of  red  cells 
in  the  circulation.  On  the  other  hand,  Leake  and  Bacon  (12)  report  that  the  feed¬ 
ing  of  fresh  spleen,  or  the  intravenous  injection  into  rabbits  of  saline  solution  ex¬ 
tracts  of  fresh  spleen,  caused  a  fall  in  the  number  of  circulating  erythrocytes  within 
24  hours.  It  w'ent  to  7  per  cent  above  normal  after  the  3rd  day,  but  soon  fell  to 
normal  when  administration  was  discontinued. 

Methods. 

Extracts  of  liver,  spleen,  gastric  mucosa;  and  hemoglobin  solution  were  used  in 
th'e  experiments.  The  gastric  mucosae  were  obtained  from  pig  stomachs,  and  the 
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Other  organs  from  rabbits  or  calves.  For  preparing  the  protein-free  extracts  the 
tissues  were  ground  to  a  pulp  by  passing  repeatedly  through  a  meat  grinder.  They 
were  then  extracted  with  an  equal  volume  of  95  per  cent  alcohol  to  which  had 
been  added  0.5  per  cent  acetic  acid.  After  standing  overnight  in  the  ice  box  the 
mixture  was  passed  first  through  gauze  and  then  through  filter  paper  until  the 
filtrates  became  clear.  The  tissue  remaining  was  extracted  twice  in  the  same 
manner  with  75  per  cent  alcohol.  The  filtrates  from  the  three  extractions  were 
combined  and  evaporated  to  dryness  at  a  temperature  not  exceeding  45°C.,  under 
negative  pressure.  The  partially  dried  mass  w'as  then  extracted  with  75  per  cent 
alcohol,  filtered  and  the  filtrate  again  evaporated  to  dryness.  For  one  experiment, 
Dr.  Zucker,  of  this  department,  kindly  prepared  for  us  a  fat-soluble  non-saponifia- 
ble  extract  of  the  liver. 

In  addition  to  the  above,  simple  saline  extracts  of  the  tissues  w^ere  used.  These 
extracts  were  prepared  by  grinding  up  the  fresh  organ  with  saline  solution  in  a 
mortar.  Ten  parts  of  saline  solution  were  used  to  1  of  the  tissue.  The  mixture 
was  kept  in  the  ice  box  overnight  and  then  cleared  either  by  filtration  through  sterile 
filter  paper  or  by  centrifugalization.  The  hemoglobin  solution  was  made  by  laking 
15  parts  of  washed  rabbit  red  cells  with  25  parts  distilled  water  and  cleared  by 
centrifugalization. 

Rabbits  were  used  in  all  experiments.  They  were  made  anemic  by  bleedmg 
from  the  heart;  ether  anesthesia  was  used.  If  necessary  to  save  the  life  of  the  ani¬ 
mal,  the  blood  lost  was  replaced  with  saline  solution.  The  blood  removed  con¬ 
stituted  about  3  per  cent  of  the  body  weight,  or  about  60  per  cent  of  the  total 
volume.  Several  blood  counts,  hemoglobin  determinations  and  reticulated  cell 
counts,  were  made  before  the  bleeding  and  at  frequent  intervals  afterwards.  At 
the  end  of  each  experiment  autopsies  were  done,  particular  attention  being  paid 
to  the  organs  concerned  in  blood  destruction  and  regeneration.  The  details  of 
the  autopsy  findings  will  be  reported  subsequently. 

The  normal  red  count  in  our  rabbits  was  found  to  be  between  5 
millions  and  6  millions,  which  the  bleeding  usually  lowered  to  about 
2.5  to  3  millions.  Only  those  animals  with  low  red  cell  counts  were 
used  in  the  experiments.  The  animals  were  all  kept  under  the  same 
conditions  as  to  light,  food  and  temperature,  and  were  weighed  regu¬ 
larly.  Our  interpretation  of  the  results  of  the  injection  of  the  different 
substances  was  based  upon  the  rapidity  with  which  the  normal  count 
was  restored,  as  compared  to  a  series  of  similar  untreated  animals. 
Each  of  the  experiments  has  been  repeated  several  times  during  the 
last  few  years. 

In  our  preliminary  experiments  we  found  that  the  red  count  in  the 
control  animals  losing  about  60  per  cent  of  their  total  blood  was  usually 
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not  restored  to  normal  until  about  3  to  4  weeks  subsequent  to  the 
operation,  though  evidence  of  regeneration  became  quite  evident  at 
the  end  of  the  2nd  week.  There  was  also  a  marked  loss  in  weight  dur¬ 
ing  the  first  2  weeks.  With  the  increasing  red  count  there  was  an 
increase  in  reticulocytes. 

The  first  experiment  was  planned  to  show  the  effect  of  protein-free 
extracts  of  the  liver,  spleen  and  stomach  on  normal  animals.  Two 
rabbits  were  used  for  each  extract.  The  freshly  prepared  extract  in 
doses  of  5  mg.  per  kilo  of  body  weight  was  given  subcutaneously  on 
6  successive  days  in  each  week.  As  no  effect  was  apparent  after  the 
1st  week,  the  dose  was  then  increased  to  10  mg.  and  this  continued 
for  a  period  of  25  days. 

The  animals  after  receiving  the  liver  extract  showed  some  increase 
in  red  cells  after  30  days,  but  the  increase  was  so  slight  that  it  was 
within  the  limits  of  normal  variations  in  the  red  cell  count.  There 
was  an  increase  in  the  neutrophilic  leucocytes.  Those  receiving  the 
stomach  extract  showed  a  very  slight  decrease.  On  the  other  hand, 
the  rabbits  receiving  the  spleen  extracts  showed  a  decrease  of  1.8  and 
3  millions,  respectively.  The  number  of  reticulocytes  was  increased 
in  the  animals  receiving  the  liver  extracts,  but  was  not  affected  by 
extracts  of  spleen  and  stomach.  There  was  some  increase  in  the 
lymphocytes. 

This  experiment  was  repeated  several  times  with  the  same  results 
as  regards  the  liver  and  stomach  extracts.  In  subsequent  experiments, 
however,  the  spleen  extract,  whether  protein-free  or  from  freshly  pre¬ 
pared  cell  emulsions  in  salt  solution,  was  more  active  in  causing  a 
decrease  in  the  red  cell  count.  In  the  animals  receiving  the  spleen 
extracts  the  per  cent  of  reticulocytes,  regardless  of  the  degree  of  ane¬ 
mia,  was  always  low,  sometimes  considerably  below  normal.  There 
were  no  changes  in  the  white  blood  cells  which  could  be  ascribed  to 
the  extracts. 

The  preceding  experiment  was  repeated  with  animals  which  had 
been  made  anemic  by  one  large  bleeding.  2  days  subsequent  to  the 
bleedings  the  red  cell  counts  in  this  series  of  animals  were  between 
2.5  and  3.2  millions.  Three  were  left  as  controls,  while  the  others 
received  10  mg.  doses  of  the  extracts  of  liver,  spleen  and  stomach. 
All  injections  were  made  into  the  subcutaneous  tissues. 
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Blood  regeneration  in  the  animals  receiving  the  liver  extract  ap¬ 
peared  to  be  a  little  more  active  than  in  the  controls,  and  the  reticu¬ 
locytes  increased  earlier  and  were  somewhat  more  numerous.  The 
neutrophil  leucocytes  also  were  somewhat  increased.  The  extracts  of 
the  gastric  mucosa;  appeared  to  exert  no  influence  on  regeneration. 
In  the  animals  receiving  the  spleen  extract  there  was  very  little  red 
cell  formation.  When  small  doses  were  given  there  was  a  prolonged 
period  during  which  there  was  little  evidence  of  regeneration;  but 
with  larger  doses  the  red  count  was  still  further  depressed.  The 
number  of  reticulocytes  in  these  animals  was  very  low. 

A  new  series  of  rabbits  was  made  anemic  by  bleeding  from  the  heart  and  then 
injected  with  extracts,  both  saline  and  protein-free,  prepared  from  the  liver  and 
spleen  of  rabbits  which  had  been  made  anemic  by  repeated  bleedings.  The 
animals  from  the  organs  of  which  the  extracts  were  prepared  were  bled  every  other 
day  for  18  days.  During  this  period  a  little  more  than  200  cc.  of  blood  was  taken 
from  each  animal,  so  that  the  final  red  cell  count  in  each  was  a  little  less  than  2 
millions,  and  the  hemoglobin  approximately  20  per  cent.  The  average  number  of 
reticulocytes  for  the  four  animals  in  the  beginning  was  .5  per  cent;  after  13  days 
7  per  cent,  and  after  the  final  bleeding,  approximately  21  per  cent.  The  animals 
were  bled  to  death  under  ether  anesthesia  and  the  organs  used  for  the  preparation 
of  extracts.  Protein-free  extracts  were  prepared  from  the  livers  of  these  animals. 
Because  of  their  small  size  we  were  compelled  to  rely  on  saline  extracts  of  the 
spleens.  From  the  blood  obtained  at  the  last  bleedings,  hemoglobin  extracts  were 
prepared.  The  methods  used  in  preparing  these  extracts  have  been  described. 

The  hemoglobin  solution  was  injected  every  other  day  into  the  peritoneal  cavity 
of  the  rabbits  in  doses  of  10  cc.  The  spleen  extract  was  given  in  doses  of  2  cc.  and 
the  liver  extract  in  doses  of  10  mg.  per  kilo,  both  subcutaneously. 

Again,  in  this  experiment,  the  spleen  extract  rabbits  showed  prac¬ 
tically  no  evidences  of  any  ability  to  generate  red  cells.  The  reticu¬ 
locytes  were  not  increased  above  the  normal,  which  suggests  that  the 
effect  noted  above  may  be  due  to  an  inhibiting  action  which  the  spleen 
extracts  have  on  blood  regeneration,  rather  than  a  destructive  action, 
which  we  at  first  thought  probable. 

On  the  other  hand,  the  rabbits  receiving  the  hemoglobin  and  liver 
extracts  did  show  active  red  cell  regeneration  by  the  end  of  the  2nd 
week,  and  the  per  cent  of  reticulocytes  was  somewhat  higher  than 
that  seen  in  the  controls  for  the  corresponding  period. 

In  the  next  experiment  we  tested  the  action  of  a  fat-soluble  non- 
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saponifiable  liver  extract  kindly  prepared  for  us  by  Dr.  Zucker  of  this 
department.  In  addition,  we  again  studied  the  action  of  the  protein- 
free  extracts  of  the  liver  and  spleen.  This  spleen  extract  had  been 
kept  in  the  ice  box  for  more  than  5  months. 

The  results  of  this  experiment  indicated  that  the  fat-soluble  non- 
saponifiable  liver  fraction  was  inactive,  while  the  spleen  extract,  in 
spite  of  its  age,  showed  the  usual  inhibiting  effect.  The  blood  regen¬ 
eration  in  the  rabbits  receiving  the  non-protein  liver  extract  was  quite 
active. 

Though  none  of  the  extracts  used  appeared  to  be  very  active  in 
stimulating  blood  regeneration,  yet  there  was  some  indication  that 
the  normal  red  cell  count  was  restored  a  little  more  quickly  in  the 
animals  which  had  received  the  liver  extract  and  hemoglobin  solution 
than  in  the  untreated  anemic  controls.  As  extracts  prepared  from 
the  organs  of  animals  made  anemic  by  bleeding  were  inactive,  our 
next  experiment  was  made  with  extracts  prepared  from  the  organs  of 
animals  made  anemic  by  destroying  the  red  cells  within  the  body. 
This  was  accomplished  by  giving  intravenous  injections  of  distilled 
water.  The  injections  were  given  five  times  in  2  weeks.  One  animal 
received  140  the  other  205  cc.  of  water.  The  purpose  of  the  experi¬ 
ment  was  to  see  if  the  organs  of  animals  made  anemic  in  this  manner 
would  contain  the  supposedly  stimulating  end-products  of  the  red 
cells.  Briefly,  the  results  of  the  injection  of  these  extracts  showed  no 
difference  from  the  preceding. 

While  preparing  these  animals  we  were  surprised  to  note  the  amount 
of  distilled  water  which  could  be  given  in  this  manner  without  causing 
death.  In  subsequent  experiments  it  was  found  that  rabbits  would 
frequently  survive  doses  of  80  cc.  and  120  cc. 

DISCUSSION. 

In  part  of  our  experiments  with  liver  extracts  we  obtained  results 
which  indicated  that  they  contained  active  substances,  but  while  red 
cell  regeneration  began  early  in  all  the  liver  extract  animals,  a  few 
of  the  controls  showed  the  same  early  regeneration.  In  addition,  the 
differences  were  not  striking  in  any  instance  and  were  within  the  limits 
of  experimental  error.  For  this  reason  they  were  repeated  several 
times  over  a  period  of  more  than  3  years,  with  the  results  mentioned . 
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Of  the  different  extracts  used,  those  prepared  from  the  livers  of 
anemic  animals  acted  best,  as  the  red  count  in  the  rabbits  receiving 
these  preparations  apparently  was  restored  to  normal  more  rapidly 
than  in  the  controls,  and  the  reticulocyte  count  was  definitely  higher. 

On  the  other  hand,  the  effect  of  the  various  spleen  extracts  was 
quite  striking.  Where  the  amounts  given  were  small,  the  regeneration 
of  blood  was  much  slower  than  in  the  control  animals;  while  with  large 
doses  there  was  a  further  decline  in  number  of  red  cells.  The  reticu¬ 
locytes  were  always  much  fewer  in  number.  It  is  possible  that  we 


^///A  Control 
b\\1  Spleen  products 


Chart  1. 

were  dealing  with  a  poison,  but  the  low  reticulocyte  count  suggests 
inhibition  of  red  cell  formation  rather  than  cell  destruction. 

In  the  body  of  the  paper  we  have  given  no  tables  showing  red  cell 
counts,  hemoglobin,  etc.  Had  the  results  been  more  positive  in  char¬ 
acter,  they  would  have  been  included,  but  under  the  circumstances 
it  seemed  unnecessary  to  do  so.  The  chart  shows  more  graphically 
the  results  we  obtained  in  our  experiments  with  liver  and  spleen  ex¬ 
tracts,  and  represents  the  averages  obtained  in  num.erous  experiments. 
It  suggests  that  blood  regeneration  in  the  animals  which  received  both 
rabbit  and  calf  liver  extracts  is  more  active  than  in  the  controls,  but 
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the  difference  is  not  marked.  On  the  other  hand,  the  spleen  obviously 
has  an  inhibiting  effect. 

Our  results  are  particularly  interesting  in  view  of  those  obtained 
with  the  feeding  of  liver  by  Whipple  in  the  experimental  anemias  of 
dogs,  and  by  Minot  and  Murphy  in  pernicious  anemia.  Several  ex¬ 
planations  of  the  discrepancies  are  possible.  First,  rabbits  may  not 
respond  to  the  liver  treatment;  second,  the  active  substance  may  have 
been  destroyed  by  the  heat  used  in  drying  our  alcoholic  extracts, 
though  it  did  not  exceed  45°C. ;  third,  our  preparations  were  given  by 
subcutaneous  injection,  their ’s  by  mouth;  fourth,  our  animals  were 
made  anemic  by  a  single  large  bleeding,  while  Whipple’s  experiments 
were  conducted  with  animals  having  a  chronic  anemia  produced  by 
repeated  bleedings. 

It  seems  not  improbable  that  the  marrow  of  animals  with  a  long 
continued  anemia  will  be  hyperplastic  and  react  more  readily  to  the 
presence  of  a  stimulating  substance  than  those  with  an  acute  anemia 
produced  by  a  single  large  bleeding.  In  the  former  case  the  marrow 
is  prepared  to  act,  in  the  latter  case  it  is  not. 
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STUDIES  ON  THE  MODE  OF  SPREAD  OF  B.  ENTER ITIDIS 
MOUSE  TYPHOID  INFECTION. 


I.  Native  Epidemicity. 

By  LESLIE  T.  WEBSTER,  M.D.,  and  IDA  W.  PRITCHETT,  Sc.D. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research) 
(Received  for  publication,  July  9,  1927.) 

GENERAL  INTRODUCTION. 

Our  experimental  studies  of  epidemics  have  been  confined  thus  far 
to  two  native  animal  diseases:  mouse  typhoid,  caused  by  an  organism 
of  the  animal  paratyphoid  B  group,  B.  pestis  cavixf  and  a  respiratory 
infection  of  rabbits,  Bad.  lepisepticum  snuffles  and  pneumonia. 
Mouse  typhoid,  being  readily  adapted  to  laboratory  manipulations, 
has  yielded  data  bearing  upon  its  prevalence  and  mode  of  spread; 
rabbit  snuffles,  notwithstanding  the  technical  difficulties  encountered, 
has  been  of  use  in  confirming  the  data  and  extending  their  application 
(1,  a). 

The  scope  of  experimental  epidemiology  may  be  enlarged  by  extend¬ 
ing  the  investigations  to  still  other  animal  diseases.  With  this  end 
in  view,  we  have  turned  our  attention  to  a  third  native  infection,  a 
variety  of  mouse  typhoid  induced  by  a  bacillus  of  the  enteritidis 
group.  This  infection  is  wide-spread  among  rodents  (2),  and  occurs 
also  in  man  as  a  form  of  food  poisoning  (3).  Mice  affected  show  gross 
and  microscopic  lesions  resembling  those  occurring  in  the  paratyphoid 
B  infection  (4).  Indeed,  the  major  features  of  these  two  diseases  in 
mice  are  similar. 

However,  two  rather  special  characteristics  of  the  enteritidis  in¬ 
fection  in  mice  make  a  study  of  the  disease  of  special  interest  from  the 
point  of  view  of  experimental  epidemiology.  The  first  of  these  is  the 
fact  that  a  high  titre  bacteriophage  may  be  obtained  readily  from  a 
large  per  cent  of  infected  animals;  the  second  is  that  under  relatively 

*  This  organism  is  also  designated  B.  aertrycke  and  B.  paratyphi. 
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simple  conditions,  the  typical  smooth  colony  forms  of  B.  enteritidis 
change  to  mucoid  and  rough  colony  variants.  Similar  bacteriophage 
and  transformation  processes  have  been  considered,  of  late,  to  play 
such  an  important  part  in  determining  the  prevalence  of  other  diseases, 
that  it  seemed  desirable  to  study  the  phenomena  as  they  occur  in  B. 
enteritidis  mouse  typhoid  infection  and  determine,  if  possible,  the 
extent  to  which  they  influence  its  spread. 

The  studies  to  be  described  are  divided  as  follows:  (1)  Bacteriologi¬ 
cal  tests  on  mice  from  various  scattered  populations  to  determine  the 
prevailing  colony  types  of  paratyphoid-enteritidis  bacilli.  The 
results  of  these  tests  are  summarized  in  this  paper.  (2)  Attempts 
were  made  to  determine  the  conditions  under  which  “spontaneous” 
transformations  of  colony  types  occurred.  These  experiments  are 
described  in  the  next  paper.  (3)  In  Papers  III  and  IV  of  the  series, 
comparative  studies  of  bacilli  from  the  various  colony  types  were 
carried  out  with  special  attention  to  differences  in  virulence.  From 
these  results,  a  working  hypothesis  was  formulated  to  explain  the 
mechanism  of  colony  transformation.  (4)  Finally,  an  elaborate 
study  of  several  populations  involving  several  thousand  mice  spon¬ 
taneously  infected  with  B.  enteritidis  and  a  Friedlander-like  organism 
has  been  carried  on  oVer  a  period  of  2  years,  to  determine  at  various 
interepidemic,  preepidemic,  and  epidemic  periods,  the  colony  types 
and  relative  virulence  of  the  specific  bacteria,  and  the  effect  of  changes 
in  carrier  rate,  season,  and  experimental  alteration  in  population 
resistance  on  the  spread  of  disease.  These  results  are  to  be  published 
later. 

Types  of  B.  enteritidis  Recovered  from  ^^Spontaneously''  Infected  Mice. 

Apparently  there  is  general  agreement  among  recent  investigators 
that  in  native  paratyphoid-enteritidis  infection,  the  smooth  colony 
type  of  organism  predominates  at  all  times. 

Thus  Topley  encountered  only  smooth  types  of  B.  gaertner  and  B.  aertrycke 
during  his  observations  of  experimental  mouse  typhoid  epidemics.  Thomas 
describes  paratyphoid-enteritidis  bacilli  isolated  from  guinea  pigs  as  forming,  in 
general,  the  smooth  type  of  colony,  although  one  strain  of  B.  enteritidis  appeared 
rough  (2,  c).  Savage  and  White,  in  an  extensive  investigation  of  the  Salmonella 
group,  state  that  “in  direct  platings  from  pathological  material,  colonies  of 
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Salmonella  bacilli  are,  as  a  rule,  wholly  smooth.  On  occasion,  however,  roughness 
may  be  detected  in  these  first  cultures*’  (3,  d).  Nelson,  describing  a  t)T)hoid 
epidemic  among  guinea  pigs,  states  that  smooth  colony  types  predominated; 
occasionally,  a  few  mucoid  variants  were  encountered. 

During  the  past  5  years,  one  of  us  (Pritchett)  has  tested  a  number  of 
batches  of  mice  obtained  from  various  sources  to  detect  the  presence 
of  mouse  typhoid  bacilli.  The  results  of  these  tests,  which  include  the 
species  and  colony  type  of  bacillus  obtained,  are  summarized  briefly 
in  Table  I  and  may  be  stated  as  follows: 

Group  1.  Hagedoorn  Albinos.— mice  received  from  Professor  Hagedoom  of 
California  in  June,  1922.  1  was  dead  on  arrival  and  at  autopsy  B.  enteritidis 
was  recovered  from  the  blood  and  feces.  A  year  later  a  mouse  of  this  strain,  a 
descendant  of  the  original  10,  died  and  was  found  at  autopsy  to  harbor  the 
smooth  colony  t3T)e  of  B.  enteritidis. 

Group  2.  Baltimore  Albinos. — 100  mice  received  from  a  dealer  in  Baltimore. 
These  mice  had  been  strain  inbred  for  a  year  and  a  half.  1  mouse  was  dead  on 
arrival  and  other  mice  died  at  intervals  of  a  few  days.  The  smooth  type  B. 
enteritidis  was  cultured  from  the  blood  and  feces  of  the  10  or  12  autopsied. 

Group  3.  Annandale  Hybrids. — Composed  of  black,  brown,  yellow,  and  white 
mice.  51  of  these  mice  were  received  from  Annandale,  New  York,  in  November, 
1922.  3  were  dead  on  arrival,  and  1  other  died  the  next  day;  all  were  found  to 
harbor  B.  pestis  cavise  in  the  blood  and  feces.  Of  the  47  which  lived,  12  were 
found  to  be  fecal  carriers  of  B.  pestis  caviac  so  that  of  the  entire  group  about  23 
per  cent  were  infected  with  this  organism;  smooth  colony  types  alone  were 
recovered. 

Group  4.  Bagg  Albinos. — Of  45  mice  sent  from  Cold  Spring  Harbor,  New  York, 
in  December,  1922,  1  was  dead  on  arrival  and  was  found  to  harbor  B.  pestis 
caviae  in  the  blood,  feces,  and  internal  organs.  Of  the  44  which  lived,  36  were 
fecal  carriers  of  B.  pestis  cavias,  so  that  82  per  cent  of  the  original  lot  of  45  were 
shown  to  be  infected  with  this  organism;  only  smooth  types  were  obtained. 

Group  5.  Lathrop  Blacks. — 45  mice  sent  from  Cold  Spring  Harbor,  New  York, 
in  December,  1922.  Two  separate  fecal  cultures  of  all  the  mice  failed  to  show  any 
mouse  typhoid  bacilli. 

Group  6.  Lathrop  Browns. — 100  mice  sent  from  Cold  Spring  Harbor,  New 
York,  in  the  early  spring  of  1923.  1  mouse  was  dead  on  arrival  and  10  or  12 
succumbed  during  the  1st  week;  all  showed  the  presence  of  smooth  colonied  B. 
pestis  caviae  in  the  blood  arid  feces. 

Group  7.  Louvain  Albinos. — 7  mice  were  received  from  the  University  of 
Louvain,  Belgium,  in  May,  1924,  of  a  stock  bred  in  that  laboratory  for  3  or  4 
years.  By  the  end  of  May,  all  but  1  had  died,  and  the  single  survivor  died  later. 
From  three  autopsies  heavy  growths  of  smooth  type  B.  enteritidis  were  obtained 
from  the  spleen  and  feces. 
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Group  8.  Princeton  Albinos. — 100  mice  received  from  the  Department  of 
Animal  Pathology  in  October,  1923.  1  mouse  was  dead  on  arrival,  but  autopsy 
cultures  showed  no  mouse  typhoid  bacilli.  Within  2  or  3  days  others  died  and 
showed  the  presence  of  smooth  B.  enteritidis  in  the  blood  and  feces. 

Group  9.  Lynch  Black  Agoutis. — 50  mice  obtained  from  The  Rockefeller  Insti¬ 
tute  cancer  stock  in  November,  1922.  Three  fecal  cultures  were  made  on  the  50 
mice  between  November  8th  and  December  4th.  1 1  (22  per  cent)  were  foimd  to 
be  fecal  carriers  of  smooth  B.  enteritidis,  while  1  mouse  carried  smooth  tjT)e  B. 
pestis  cavise? 

Group  10.  Pennsylvania  Albinos. — 64  mice  obtained  from  a  Pennsylvania 
breeder  in  October,  1925.  The  mice  began  to  die  immediately,  about  50  per  cent 
succmnbing  in  the  first  10  days  after  arrival.  22  per  cent  of  these  mice  showed  the 
presence  of  smooth  B.  enteritidis,  either  in  the  feces  during  life  or  in  the  blood  and 
organs  at  autopsy. 

Group  11. — ^The  mouse  breedmg  room  at  The  Rockefeller  Institute,  New  York, 
supplies  500  to  1000  mice  a  month.  The  population  of  this  room  is  entirely  free 
from  B.  pestis  cavias  infection,  so  called  Mouse  Typhoid  II,  but  does  yield  an 
occasional  carrier  of  the  smooth  type  of  B.  enteritidis.  Mouse  Typhoid  I.  Esti¬ 
mates  of  one  6  month  period  showed  the  percentage  incidence  of  carriers  to  be  less 
than  0.01  (1,  &). 

Group  12. — A  group  of  80  mice  which  had  survived  a  series  of  experimentally 
induced  epidemics  of  B.  pestis  cavix  was  found  at  autopsy  to  be  infected  with  both 
the  paratyphoid  (2^  per  cent)  and  the  enteritidis  organisms  (37^  per  cent).  All 
the  B.  pestis  cavix  colonies  were  smooth;  while  of  the  B.  enteritidis  infected  ani¬ 
mals,  14.2  per  cent  showed  an  occasional  mucoid  colony  on  the  culture  plates  (1,  ft) . 

Group  13. — P'mally,  from  groups  of  mice  totalling  over  4000  in  number,  among 
which  B.  enteritidis  typhoid  epidemics  have  been  occurring,  there  have  been 
recovered  from  autopsy  cultures,  with  few  exceptions,  only  smooth  colony  types 
(see  introductory  Paragraph  4,  Division  4). 

SUMMARY. 

Thirteen  batches  of  mice  from  nine  different  sources  were  tested 
for  the  presence  of  mouse  typhoid  bacilli.  Individuals  from  nine 
of  the  groups  were  found  to  be  infected  with  the  B.  enteritidis  type, 
four  with  the  paratyphoid  B,  one  with  both,  and  one  with  neither 
type.  With  two  exceptions,  smooth  type  colonies  alone  were 
found.  These  results  are  in  conformity  with  similar  observations 

^  The  population  from  which  these  mice  were  drawn  is  entirely  separate  from 
the  regular  Institute  breeding  room.  Lynch  has  already  reported  the  occurrence 
of  tw'o  mouse  typhoid  epidemics  among  the  cancer  stock,  that  of  1918-19  being 
due  to  B.  enteritidis,  and  that  of  1920-21  to  B.  pestis  cavix  (2,  e). 
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as  reported  by  others  and  confirm  the  general  belief  that  smooth  colony 
types  of  paratyphoid-enteritidis  bacilli  prevail  throughout  the  various 
stages  of  rodent  typhoid  infection. 
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STUDIES  ON  THE  MODE  OF  SPREAD  OF  B.  ENTERITIDIS 
MOUSE  TYPHOID  INFECTION. 

H.  Effects  of  External  Conditions  on  the  Occurrence  of 
Smooth,  Mucoid,  and  Rough  Colony  Types. 

By  LESLIE  T.  WEBSTER,  M.D.,  and  CASPAR  BURN. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

Plate  33. 

(Received  for  publication,  July  9,  1927.) 

The  observations  on  the  prevalence  of  various  bacterial  types  in 
spontaneous  mouse  typhoid  infection  (1,  a)  indicate  that  the  smooth 
colony  forms  of  paratyphoid-enteritidis  bacilli  are  most  conomon 
during  all  the  various  stages  of  the  disease  and  the  presence  of  a 
mucoid  or  rough  colony  variant  is  an  exceptional  occurrence.  Hence 
it  is  questionable  whether  such  bacterial  transformations,  or  indeed 
any  bacteriophagic  phenomena,  influence  the  extent  and  severity 
of  the  disease.  However,  this  general  subject  has  received  so  much 
attention  of  late  in  the  studies  of  d’Herelle  (2),  Arkwright  (3), 
Hadley  (4),  and  others,  that  it  seemed  necessary  to  study  further 
the  problems  involved.  It  is  intended  in  this  paper  to  describe 
certain  conditions  under  which  the  transformations  of  B.  enteritidis 
occur  from  smooth  to  variant  colony  forms,  and  from  variant  back 
to  smooth  type  colonies;  and  later,  to  offer  a  partial  explanation 
of  the  nature  of  the  process. 

Cultures  were  obtained  from  spontaneously  infected  mice  from 
various  sources  (1,  a).  One  of  these  strains  (No.  3)  has  been  studied 
by  Amoss  and  Haselbauer  (5),  Thomas  (6),  and  Sakai  (7),  and  placed 
in  the  enteritidis  group.‘  But,  chief  attention  has  been  given  to 

*  This  same  culture  has  been  used  by  Theobald  Smith  and  Nelson  (/.  Exp. 
Med.,  1927,  xlv  and  xlvi)  in  identifying  organisms  from  an  epidemic  of  guinea 
pig  typhoid.  The  mouse  typhoid  (M.  T.  I)  strain  used  by  them  for  purposes 
of  identification  is  our  Strain  3.  They  have  designated  it  B.  paratyphi,  whereas 
we  consider  it  to  belong  in  the  B.  enteritidis  group. 
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strains  derived  from  certain  populations  of  mice  at  The  Rockefeller 
Institute,  among  which  mouse  typhoid  has  prevailed  during  the  past 
2  years  in  endemic  or  epidemic  form  (1,  a,  Group  13).  The  cultures 
were  quite  similar  to  one  another  and  to  those  from  outside  sources 
(1,  a,  Table  I).  In  brief,  they  consisted  of  Gram-negative,  motile 
rods,  growing  diffusely  in  broth,  fermenting  dextrose,  maltose,  xylose, 
rhamnose,  and  mannite,  but  not  lactose,  saccharose,  salicin,  and 
inosite.  No  indole  was  produced;  lead  acetate  was  blackened.  Stock 
B.  enteritidis  sera  agglutinated  the  strains  to  titre  and  sera  prepared 
from  several  of  our  own  strains  brought  about  maximum  agglutina¬ 
tion  in  all. 

Colony  Formation. 

Direct  Plating  from.  Autopsy  Material  or  from  Fecal  Carriers. — As 
stated  previously  (1,  a,  Group  13,  Table  I),  several  thousand  mice 
have  been  examined  bacteriologically  during  the  course  of  our  ob¬ 
servations  on  special  mouse  populations,  and  found  to  harbor  B. 
enteritidis.  The  cultures,  when  taken  directly  from  the  animal, 
streaked  over  plain  agar  plates,  and  incubated  at  37°,  formed  typical 
smooth  colonies.  Occasionally,  however,  if  the  plates  were  left  at 
room  temperature — 23°C. — for  12  hours  or  more  at  any  time  during 
the  period  of  observation,  mucoid  colonies  developed,  or  the  smooth 
forms  became  surrounded  by  a  ring  of  mucoid  growth.  Still  more 
rarely  and  under  different  circumstances,  an  occasional  rough  colony 
was  encountered. 

Serial  Passage  of  Smooth  Colony  Types  on  Agar  and  in  Broth. — 
The  natural  tendency  for  B.  enteritidis  to  form  smooth  type  colonies 
can  be  interfered  with  in  many  ways.^  But  in  order  to  analyze  the 
transformation  process  as  it  occurs  “spontaneously,”  we  decided  to 
observe  the  relatively  simple  conditions  which  might  be  encountered 
normally  in  nature  and  in  the  laboratory. 

Experiment  1  shows  the  effect  of  direct  agar  passage  at  37°  on 
the  type  of  colony  formation. 

Experiment  1. — Four  mouse  strains  of  B.  enteritidis  were  taken  directly  from 
the  stock  meat  infusion  agar  slant  and  passed  serially  on  meat  infusion  agar 

^  In  Hadley’s  monograph,  the  literature  on  this  subject  is  reviewed  at  length  (4). 
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plates,  pH  7.4.  Strain  1  is  a  single  cell  culture®  obtained  on  December  2,  1925, 
from  a  mouse  from  one  of  the  special  populations  mentioned  above  (1,  a,  Group  13). 
Strain  2  is  a  similar  culture  from  another  mouse  dying  on  the  same  date.  Strain 
3  is  a  single  cell  culture  obtained  from  a  wild  mouse  found  dead  in  a  Rocke¬ 
feller  Institute  laboratory  in  1921.  This  strain  has  been  studied  by  other  in¬ 
vestigators  (5-7).  Strain  4  is  a  single  cell  culture  obtained  in  August,  1925, 
from  a  mouse  from  one  of  the  special  populations  (1,3,  Group  13). 

A  small  amount  of  the  stock  culture  was  taken  from  each  slant  and  spread 
over  plates  containing  plain  beef  infusion  agar.  After  24  to  48  hours  incuba¬ 
tion  at  37°,  the  resulting  colonies  were  examined,  and  one  of  them  picked  and 
spread  over  another  agar  plate.  This  method  of  passage  was  carried  on  eight 
times  for  each  strain. 


TABLE  I. 

Passage  of  Smooth  Type  Colonies  of  B.  enter ilidis  on  Plain  Agar  Plates  at  37° 

and  23°C. 
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Eight  agar  passages  of  these  four  single  cell,  smooth  colony  strains 
had  no  modifying  effect  on  colony  type.  Plates  from  each  passage 
showed  100  per  cent  t)T>ical  smooth  colony  forms.  Other  mouse 
strains  of  B.  enter  ilidis  behaved  in  a  similar  manner  for  as  many  as 
twenty  passages. 

The  effect  of  temperature  on  colony  type  formation  was  then 
tested  (Experiment  2). 

®  Single  cell  strams  were  obtained  by  the  use  of  a  technique  described  by 
Reimann  (8). 


858 


MOUSE  TYPHOID  INFECTION.  II 


Experiment  2. — ^The  cultures  used  in  Experiment  1  were  passed  in  the  same 
manner  as  before,  except  that  each  transfer  was  made  in  duplicate.  One  set  of 
plates  was  incubated  at  37°C.;  the  other  left  at  room  temperature,  23°.  A  single, 
well  isolated  colony  from  the  37°  plate  was  used  for  each  transfer.  The  results 
are  shown  in  Table  I. 

Strains  1,  3,  and  4  remained  100  per  cent  smooth  at  both  37°  and 
23°  for  four  passages.  “Smooth”  colonies  of  Strain  2,  however,  when 
incubated  at  37°,  grew  out  100  per  cent  smooth,  but  when  allowed  to 
grow  at  room  temperature  at  23°,  appeared  entirely  mucoid.  These 
colonies  remained  mucoid  when  transferred  at  23°,  but  invariably 
reverted  to  smooth  forms  when  grown  at  37°.  In  all,  twenty-one 
cultures  of  B.  enteritidis  were  tested  in  this  way.  Fourteen  came 
from  the  populations  described  above  (1,  a,  Group  13),  four  from 
outside  mice,  and  two  from  spontaneous  guinea  pig  infections.  Three 
of  these  twenty-one  strains  showed  this  characteristic  of  smooth 
growth  at  37°  and  mucoid  growth  at  23°. 

D’Herelle  (2)  and  Hadley  (4)  mention  a  number  of  investigators 
who  have  studied  the  effect  of  temperature  on  bacterial  transforma¬ 
tion,  and  more  recently,  Knorr  (9)  states  that  certain  paratyphoid 
strains  grown  in  broth  at  22°  and  transferred  to  enriched  solid  media 
of  a  certain  thickness  and  pH  of  8.0  result  in  the  appearance  of  mucoid 
colonies  after  24  to  48  hours.  However,  we  have  seen  no  definite 
experimental  evidence  relating  mucoid  colony  formation  directly  to 
temperature  conditions. 

From  these  experiments  it  is  concluded  that  mouse  strains  of 
smooth  type  B.  enteritidis  tend  to  remain  t5^e-pure  if  passed  from 
agar  to  agar  at  37°,  but  that  an  occasional  smooth  strain  becomes 
mucoid  if  grown  on  agar  at  23°.  The  resulting  mucoid  colonies 
will  remain  so  indefinitely  if  transferred  and  grown  at  23°,  but  when 
the  temperature  is  raised  to  37°,  revert  immediately  to  the  smooth 
form. 

True  rough  colonies  were  not  found  on  any  plates  during  the  serial 
agar  transfer  of  twenty-one  smooth  colony  strains.  Fresh  stock 
cultures  were  passed,  together  with  others,  2,  4,  8,  and  12  weeks,  and 
2,  4,  and  6  months  old.  Colonies  72  hours  and  3  weeks  old  were 
also  used.  Dry  plates  and  plates  with  considerable  surface  moisture 
were  tested.  Frequently,  the  dry  plates  produced  atypical  rough 


LESLIE  T.  WEBSTER  AND  CASPAR  BURN 


859 


colonies  after  24  hours  incubation,  but  these  became  relatively  smooth 
at  48  hours,  and  when  transferred,  grew  diffusely  in  broth  and  ap¬ 
peared  entirely  smooth  on  fresh  agar  plates. 

From  old  broth  cultures,  however,  true  rough  colony  types  were 
obtained. 

Experiment  3. — ^Twenty  smooth  type  mouse  typhoid  strains  of  B.  enteritidis 
were  studied.  Strains  1,  2,  3,  and  4  have  been  described  in  the  first  experi¬ 
ment.  Nos.  5,  6,  7,  and  13  to  20  are  single  cell  cultures,  obtained  from  the  special 
populations  from  July,  1925,  to  April,  1926.  Nos.  8,  9,  10,  and  11  came  from 
outside  mice  dying  from  “spontaneous”  mouse  typhoid  (1,  a).  These  are  single 
colony  cultures  obtained  after  repeated  isolation.  Strains  20  and  21  came  from 
cases  of  spontaneous  guinea  pig  t5T)hoid. 


TABLE  II. 

Transfer  of  Smooth  Colony  Strains  from  Broth  to  Agar. 
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S  =  smooth  colony.  R  =  rough  colony. 


Each  culture  was  transferred  from  the  stock  agar  slant  to  5  cc.  centrifuge 
tubes  of  beef  infusion  broth,  pH  7.4.  After  17  hours  incubation  at  37°,  they 
were  placed  at  room  temperature.  8  days  later  a  drop  of  sediment  from  each 
tube  was  streaked  over  the  surface  of  15  cm.  Petri  dishes  containing  plain  meat 
infusion  agar.  The  plates  were  incubated  for  48  hours,  and  then  left  at  room 
temperature  for  1  week.  Similar  platings  were  made  on  the  12th,  14th,  28th, 
and  33rd  days.  All  suspected  rough  colonies  were  grown  in  broth  to  detect  the 
characteristic  granular  type  of  growth,  transferred  to  plain  agar,  grown  in  sugars, 
and  identified  by  means  of  specific  sera  of  a  titre  of  1 : 10,000.  The  results  are 
shown  in  Table  II. 

No  rough  colonies  were  seen  on  the  8th,  12th,  or  14th  day.  At 
28  days,  however,  and  again  at  33,  several  strains,  when  transferred 
to  agar,  showed  numerous  typical  rough  colonies  agglutinating  in 
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B.  enteritidis  serum.  Transfers  from  a  single  colony  to  broth  grew 
granularly  and  three  serial  passages  of  single  colonies  from  agar  to 
agar  resulted  in  pure  rough  type  cultures. 

When  single  colonies  of  the  rough  variant  strains  are  passed  from 
agar  to  agar,  they  remain  pure  for  several  transfers,  but  eventually 
revert  to  smooth.  When  passed  from  broth  to  broth,  reversion  to 
the  smooth  type  occurs  after  the  first  or  second  passage. 

Mucoid  and  rough  colony  variants  also  occur  when  broth  cultures 
of  the  smooth  colony  forms  are  transferred  daily. 


TABLE  III. 

Passage  of  Smooth  Type  Colonies  of  B.  enteritidis  in  Plain  Broth  at  37°C. 
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Experiment  4. — Single  cell  Cultures  1  and  3  were  employed.  Both  were 
seeded  from  the  stock  strain  to  beef  infusion  broth  at  pH  7.4,  and  incubated  at 
37°.  After  24  hours,  one  loop  of  culture  was  streaked  over  the  surface  of  an 
agar  plate  and  a  second  loop  transferred  to  a  fresh  broth  tube.  24  hours  later 
the  culture  in  the  latter  tube  was  plated  and  transferred  again.  In  all,  nine 
broth  passages  and  nine  sets  of  agar  plate  transfers  were  made.  Table  III  shows 
the  results. 

Strain  1  showed  only  smooth  type  colonies  on  agar  transfer  plates 
until  the  third  broth  passage.  Mucoid  colonies  then  appeared  in 
gradually  increasing  numbers,  due  probably  to  the  fact  that  after  24 
hours  incubation,  the  plates  were  left  at  room  temperature.  After 
four  passages  of  Strain  3,  mucoid  forms  appeared,  later  accompanied 
by  occasional  rough  colonies. 
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To  summarize  briefly  it  may  be  stated  that  (1)  most  smooth  type 
cultures  of  mouse  typhoid  B.  enterUidis  remain  smooth  when  passed 
on  agar;  (2)  that  an  occasional  smooth  strain  becomes  entirely 
mucoid  when  grown  on  agar  at  23°  and  changes  again  to  smooth  when 
the  temperature  is  raised  to  37°,  and  finally  (3)  that  when  smooth 
types  are  grown  in  broth  for  3  weeks  or  more,  or  transferred  daily 
from  broth  to  broth  and  plated  on  agar,  rough  colonies  appear  which 
remain  rough  for  several  agar  passages,  but  revert  to  smooth  forms 
when  grown  in  fresh  broth.  Apparently,  therefore,  iemperaiure 
is  one  factor  involved  in  this  kind  of  reversible  transformation  from 
smooth  to  mucoid  colony,  and  a  fluid  state  of  the  media  a  factor 
influencing  the  reversible  transformation  from  smooth  to  rough  colony 
form. 

Effect  of  Bacteriophage  on  Colony  Formation. — Many  investigators 
have  noted  that  bacteria  grown  in  the  presence  of  an  active  lytic 
agent  give  rise  to  secondary  cultures  which  form  mucoid  and  rough 
colony  variants.  Indeed,  there  seems  to  be  general  agreement  with 
Arkwright’s  statement  that  bacteriophage  stimulates  normal  microbic 
mutation  (3).  The  results  of  our  own  observations,  however,  while 
agreeing  with  the  general  findings  of  previous  investigators,  suggest 
a  different  explanation  of  the  process. 

Active  bacteriophage  was  obtained  by  various  procedures, — 
namely,  broth  passage  and  filtration  of  a  smooth,  “eaten”  colony  of 
B.  enterUidis,  taken  directly  from  an  autopsy  plate,  and  passage  and 
filtration  of  smooth  type  cultures  plus  mouse  intestinal  material. 
The  titre  of  this  bacteriophage  was  found  to  be  10“®  for  all  of  our 
single  cell,  smooth  colony  types  of  B.  enterUidis. 

Experiment  5  was  planned  to  show  the  effect  of  bacteriophage- 
containing  agar  on  the  colony  formation  of  smooth  type  strains  of 
B.  enterUidis. 

Experiment  5. — 300  cc.  of  agar  in  flasks  were  melted,  cooled  to  48®,  and  poured 
into  10  cm.  Petri  dishes.  The  agar  used  for  the  control  plates  received  30  cc.  of 
plain  broth,  pH  7.4,  just  before  pouring;  a  second  flask,  30  cc.  of  10  per  cent 
bacteriophage  in  broth,  and  a  third,  30  cc.  of  undiluted  bacteriophage  in  broth 
(titre  10"®). 

A  small  portion  of  each  bacterial  culture  was  taken  directly  from  the  stock 
slant  and  spread  over  the  surface  of  two  plates  each,  of  plain  agar,  1  per  cent  and 


TABLE  IV. 

Passage  of  Smooth  Type  Colonies  of  B.  entcrilidis  to  Plain  and  Phage  Agar  at  37°  and  23°C. 


Q 


SS  =  typical  smooth  colony;  SR  =  small,  round,  blue  colony;  E  =  small,  wart-like,  “eaten”  colony;  Ring  =  smooth 
colony  surrounded  by  mucoid  ring;  MR  =  mucoid  colony;  MS  =  mucoid  colony. 
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10  per  cent  bacteriophage  agar.  One  set  was  incubated  at  37®,  the  other  left  at 
room  temperature,  23°.  Single  ceU  cultures  of  Strains  1,  2,  3,  4,  5,  6,  and  7,  and 
single  colony  Strains  8,  9,  10,  11,  and  13  were  used.  These  stock  strains  have 
been  described  in  the  previous  experiment. 

The  results  of  these  tests  are  given  in  Table  IV.  All  strains  grown 
on  plain  agar  at  37°  gave  rise  to  smooth  colonies;  at  23°  Strain  2 
formed  mucoid  colonies  (see  Experiment  2).  Subcultures  from  these 
smooth  and  mucoid  colonies  proved  susceptible  to  lysis  in  broth  con¬ 
taining  bacteriophage  and  grew  poorly  or  not  at  all  on  10  percent 
bacteriophage  agar  plates.  Hence  these  and  all  other  typical  smooth 
colonies  have  been  designated  smooth-susceptible  (SS)  (Fig.  1),  and 
similar  mucoid  variants,  mucoid-susceptible  (MS).  On  the  1  per 
cent  bacteriophage  agar  plates  there  appeared  distinctly  less  growth 
and  a  different  type  of  colony.  Instead  of  the  typical  smooth-sus¬ 
ceptible  colonies,  there  arose  small,  round,  bluish,  smooth  forms. 
Some  of  these  were  wart-like,  with  irregular,  “eaten”  edges  and 
raised  centers.  Organisms  from  these  colonies  resisted  lysis;  hence 
the  colonies  were  designated  smooth-resistant  (SR)  (Fig.  2).  On 
plates  left  at  room  temperature — 23° — mucoid-  and  smooth-resistant 
colonies  with  a  mucoid  ring  occurred,  in  addition  to  the  smooth- 
resistant  forms.  These  mucoid  colonies  likewise  proved  phage- 
resistant  and  hence  were  designated  mucoid-resistant  (MR)  (Fig.  3). 
Growth  on  the  10  per  cent  phage  agar  plates  was  still  more  scanty. 
On  plates  incubated  at  37°  a  few  scattered  smooth-resistant  colonies 
were  seen,  with  an  occasional  mucoid  or  ring  form.  On  plates  left 
at  23°  there  was  less  growth.  Some  remained  sterile. 

Further  experiments  with  other  strains  gave  similar  results.  In 
one  series,  four  single  cell  strains  were  passed  eight  times  on  plain 
and  bacteriophage  agar.  Each  transfer  showed  the  same  types  of 
colony  variants  as  described  above.  From  two  guinea  pig  strains, 
however,  rough  colonies  occurred  regularly  on  phage  agar  plates. 
These  resisted  lysis  and  were  designated  rough-resistant  (RR)  (Fig.  4). 
Rough-resistant  colonies  were  also  obtained  with  great  regularity  by 
transferring  smooth-resistant  colonies  to  plain  agar  for  two  or  three 
passages.  In  these  two  instances,  a  fluid  medium  did  not  seem  to 
be  necessary  for  the  production  of  rough  colonies. 


Lytic  Action  of  Bacteriophage  on  Smooth  Type  B.  enteritidis. 
Broth  Cultures. 
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growth;  0  =  no  growth;  R  =  granular  growth. 


Colony  Types  on  Agar  Transfers  from  Broth  and  Asparagine  Cultures  Containing  Bacteriophage. 
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C.  =  colonies;  S  =  smooth  colony  (possibly  includes  SR  colonies);  M  =  mucoid-resistant  colony;  R  =  rough-resistant  colony;  E  =  smooth  phage-eaten 
colony;  —  =  no  agar  transfer. 

0  =  no  colonies;  =  1  —  10  colonies;  =  11  —  20  colonies;  -!-d--(-  =  21  —  50  colonies;  -!-  +  +  +  =  50  -h  colonies. 
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Experiment  6. — This  experiment  was  planned  to  test  the  effect  of 
growth  in  bacteriophage-containing  broth  on  colony  formation. 

Two  fluid  media  were  used,  beef  infusion  broth,  pH  7.4,  and  a  modification  of 
Uchinsky’s  asparagine  solution.'*  The  test  was  run  in  duplicate  in  each  medium. 
The  single  cell  Strain  3  was  employed.  17  hour  broth  and  asparagine  cultures 
from  the  stock  agar  slant  were  diluted  in  the  corresponding  media  to  make  final 
bacterial  concentrations  of  5  X  10“*,  10“^,  10“*,  and  10“®.  Five  cultures  of 
each  dilution  were  made;  one  served  as  a  control  and  the  other  four  received 
bacteriophage  in  dilutions  of  6  X  10“*,  10“^,  10“®,  and  10“^.  The  tubes  were 
incubated  at  37°.  At  short  intervals  thereafter  the  amount  of  growth  was 
estimated  in  terms  of  turbidity  and  a  loop  of  the  culture  was  transferred  to  15 
cm.,  plain  agar  plates.  These  in  turn  were  incubated  and  examined  at  24  and  48 
hours  for  number  and  types  of  colonies  present.  The  findings  are  summarized 
in  Tables  V  and  VI. 

In  the  broth  series  the  control  tube,  inoculated  with  about  100,000,- 
000  organisms,  dilution  1 : 10,  showed  growth  at  4  hours  and  maximum 
turbidity  at  12,  while  tubes  containing  bacteriophage  showed  no 
definite  growth  for  12  hours,  and  did  not  reach  a  maximum  until 
27  hours.  Tubes  receiving  an  inoculation  of  10,000,000  organisms, 
dilution  1:100,  appeared  quite  similar,  except  that  growth  began 
later  in  all  tubes.  The  control  tube  containing  100,000  organisms, 
dilution  1:10,000,  showed  abundant  growth  at  12  hours;  similar 
tubes  with  high  concentration  of  bacteriophage,  6  X  10“*  and  10“*^ 
remained  sterile,  while  those  in  which  bacteriophage  was  present  in 
smaller  amounts,  6  X  10“^  and  10“^,  showed  growth  at  20  hours  and 
maximum  turbidity  at  30  hours.  The  control  tube  inoculated  with 
10,000  organisms,  dilution  1:100,000  showed  growth  at  12  hours, 
which  became  maximum  at  24  hours;  those  receiving  high  concen¬ 
trations  of  bacteriophage  remained  sterile,  and  those  in  which  the 
amount  was  low  were  clear  at  30  hours  and  of  maximum  turbidity 
at  48  and  55  hours. 

Rough  colonies  appeared  in  greatest  numbers  on  plates  from  tubes 
inoculated  with  high  concentrations  of  bacteriophage.  Mucoid- 
resistant  colonies  were  found  chiefly  on  plates  from  tubes  inoculated 

*The  composition  of  the  synthetic  medium  was  as  follows:  Asparagine,  0.4 
per  cent;  ammonium  lactate,  0.6  per  cent;  sodium  phosphate,  0.2  per  cent,  and 
sodium  chloride,  0.6  per  cent  in  distilled  water. 
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with  small  amounts  of  bacteriophage.  No  variants  occurred  on  the 
plates  from  plain  broth  tubes.  The  asparagine  media  series  gave 
similar  results,  except  that  growth  was  slower  in  all  tubes  and  mucoid- 

TABLE  VII. 


Passage  of  Variant  Colony  Forms  on  Bacteriophage-Containing  Agar  and  Plain  Agar. 
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SS  =  smooth-susceptible  colony;  SR  =  smooth-resistant  colony;  MR  =  mucoid- 
resistant  colony;  RR  ==  rough-resistant  colony;  E  =  wart-like,  “eaten”  colony. 
*  Duplicate  passage  at  37°. 


resistant  colonies  were  not  obtained.  In  four  other  similar  experi¬ 
ments,  however,  both  mucoid-resistant  and  rough-resistant  colonies 
were  recovered. 

Briefly,  then,  bacteriophage  added  to  nutrient  media  stimulates 
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the  transformation  of  smooth  colony  types  to  mucoid  and  rough. 
Solid  media  and  low  temperature  favor  the  mucoid  forms;  fluid 
media  usually  favors  the  development  of  rough  types.  These  mucoid 
and  rough  colony  forms  differ  from  those  obtained  in  plain  media 
(Experiments  1,  2,  3)  in  that  they  resist  the  lytic  action  of  bac¬ 
teriophage. 

The  stability  of  these  colony  variants  was  then  tested  by  growing 
them  on  plain  and  bacteriophage-containing  media.  The  following 
experiment  shows  the  result  of  passage  on  solid  media  with  or  without 
the  addition  of  bacteriophage. 

Experiment  7 . — Cultures  from  the  stock  agar  slant  were  streaked  directly 
over  the  surfaces  of  plain  and  phage-contaming  agar  plates.  These  were  incu¬ 
bated  at  37°  and  23°C.  Two  single  colonies  of  each  variant  type  resulting  were 
then  selected  and  passed  for  a  number  of  times  on  plain  and  bacteriophage- 
containing  agar.  Two  well  isolated  colonies  were  chosen  for  each  transfer.  The 
results  of  these  passages  are  shown  in  Table  VII. 

Three  strains  of  smooth-resistant  variants  (SR)  remained  type- 
pure  for  eight  passages  on  10  per  cent  phage-containing  agar,  but  on 
plain  agar  reverted  almost  immediately  to  the  original  smooth- 
susceptible  colony  form.  The  appearance  of  a  few  rough  colonies 
on  the  second  and  fourth  passages  of  Strain  3  is  consistent  wth  the 
results  obtained  in  Experiment  4.  Three  mucoid-resistant  variants 
(MR)  remained  constant  for  eight  passages  on  10  per  cent  phage  agar 
at  23°,  and  on  plain  agar  as  well.  But  such  variants  grown  on  plain 
agar  at  37°  revert  quickly  to  the  smooth-susceptible  form.  Two 
rough-resistant  variants  passed  on  10  per  cent  phage  agar  became 
small  and  wart-like;  passed  on  plain  agar,  they  reverted  to  the  smooth 
form  after  two  or  three  passages.  Some  rough  variants,  however, 
have  remained  constant  for  as  many  as  fourteen  passages  before 
reverting  to  smooth. 

Hence,  the  tests  indicate  that  smooth-resistant,  mucoid-resistant, 
and  rough-resistant  colony  cultures,  grown  on  bacteriophage-con¬ 
taining  agar,  tend  to  remain  type-pure,  but  when  placed  on  plain 
agar,  become  transformed  to  the  original  smooth  type  colony  form. 

Passage  of  variant  forms  in  fluid  media  was  carried  out  with  a 
number  of  single  cell  strains  from  smooth-resistant,  mucoid-resistant, 
and  rough-resistant  variant  colonies.  Each  culture  was  transferred 
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from  stock  agar  to  plain  broth  and  broth  containing  varying  amounts 
of  bacteriophage.  After  24  hours  incubation,  a  loop  of  plain  broth 
culture  was  transferred  to  a  fresh  tube  of  broth,  and  a  loop  of  bac¬ 
teriophage-broth  culture  to  a  fresh  tube  of  bacteriophage  broth.  At 
the  same  time  subcultures  were  made  on  plain  agar  plates.  These 
were  incubated  and  examined  at  24  and  48  hours. 

When  passed  in  plain  broth  for  more  than  two  or  three  transfers, 
single  cell  cultures  from  rough-resistant  and  mucoid-resistant  colonies 
streaked  on  plain  agar  plates  at  37°  showed  smooth-susceptible 
colonies.  Smooth-resistant  colony  cultures  reverted  to  smooth- 
susceptible  after  six  or  seven  broth  transfers.  Bacteriophage  added 
to  the  broth  in  a  ratio  of  10  per  cent  or  more  tended  to  inhibit  the 
reversion  phenomenon  and  maintain  the  variant  cultures  type-pure. 
Smooth-resistant  strains  remained  relatively  constant,  mucoid- 
resistant  forms  remained  so  at  23°  and  became  smooth-resistant  at 
37°;  rough-resistant  cultures  usually  showed  some  smooth  reverted 
forms  when  grown  at  37°  and  mucoid-resistant  forms  at  23°.  Thus,  in 
fluid  culture,  the  variant  colony  strains  were  found  to  revert  quickly 
to  the  original  smooth-susceptible  type,  unless  bacteriophage  in  large 
quantity  were  present  and  continually  added  to  the  cultures. 

DISCUSSION  AND  SUMMARY. 

The  expeiiments  described  in  this  paper  are  part  of  a  larger  number 
which  we  have  been  carrying  out  for  the  past  2  years.  Although  they 
have  not  entirely  fulfilled  their  purpose,  which  was  to  explain  the 
so  called  “mutation,”  “dissociation,”  “Umwandlung,”  “transforma¬ 
tion”  process,  they  have  served  to  formulate  a  helpful  working 
hypothesis. 

Certain  difficulties  inherent  in  this  kind  of  study  must  be  recog¬ 
nized.  One  is  that  colony  formation  is  a  property  associated  with 
growth  on  solid  media  and  any  procedure  involving  the  use  of  fluid 
media  introduces  a  change  which  is  relatively  uncontrolled.  Another 
is  that  mucoid  and  rough  colony  forms  are  not  the  only  variant  types 
encountered;  at  best,  they  may  be  considered  as  being  the  most 
frequent.  Finally,  it  is  apparent  to  us  that  the  findings  reported  in 
this  paper  with  respect  to  enteritidis  organisms  do  not  correspond 
with  those  of  other  species  of  organisms,  especially  of  the  respiratory 


870 


MOUSE  TYPHOID  INFECTION.  II 


group  which  we  have  studied  (1,  b).  Possibly,  however,  they  apply 
generally  to  the  typhoid,  paratyphoid-enteritidis  species. 

To  summarize,  it  may  be  stated  that  the  transformation  process 
in  the  mouse  typhoid  enteritidis  group  is  an  easily  reversible  one, 
controlled  in  part,  at  least,  by  three  factors,  any  of  which  may  con¬ 
ceivably  operate  under  natural  conditions:  (1)  temperature,  which, 
influences  the  appearance  of  mucoid  forms;  (2)  fluidity  of  culture 
media,  which  tends  to  favor  rough  variants;  and  (3)  bacteriophage, 
which  stimulates  the  appearance  of  both  variants.  Since  by  manipu¬ 
lating  these  factors  the  transformation  process  may  be  incited  at 
will  in  either  direction,  it  is  probably  not  genetic  in  nature. 
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EXPLANATION  OF  PLATE  33. 

Fig.  1.  Smooth-susceptible  colonies  of  B.  enteritidis. 

Fig.  2.  Smooth-resistant  colonies  of  B.  enteritidis. 

Fig.  3.  Mucoid-resistant  colonies  of  B.  enteritidis. 

Fig.  4.  Rough-resistant  colonies  of  B.  enteritidis. 
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(Webster  and  Burn:  Mouse  typhoid  infection.  II.) 


STUDIES  ON  THE  MODE  OF  SPREAD  OF  B.  ENTERITIDIS 
MOUSE  TYPHOID  INFECTION." 


HI.  Studies  or  Bacterial  Cells  Taken  from  Smooth,  Mucoid, 
AND  Rough  Colonies. 

By  LESLIE  T.  WEBSTER,  M.D.,  and  CASPAR  BURN. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  July  9,  1927.) 

The  experiments  described  in  the  previous  paper  (1,  a)  indicate 
that  in  general  the  so  called  colony  “mutation,”  “Umwandlung,” 
“dissociation,”  or  “transformation”  process,  as  it  occurs  in  mouse 
strains  of  B.  enteritidis,  is  not  of  a  genetic  nature,  but  is  a  reversible 
phenomenon,  influenced  by  at  least  three  factors:  temperature,  fluid¬ 
ity  of  medium,  and  presence  of  specific  bacteriophage.  Further  knowl¬ 
edge  of  the  nature  of  the  transformation  process  was  sought  by  making 
a  comparison  of  the  bacterial  cells  contained  in  the  smooth  and  the 
variant  colonies. 

Appearance  of  Individual  Cells  during  Early  States  of  Multiplication. 

At  the  outset,  single  bacilli  were  examined  during  early  multiplica¬ 
tion  in  order  to  detect  morphological  differences  in  individual  young 
cells  taken  from  smooth,  mucoid,  and  rough  colonies. 

Reimann’s  technique  (2)  was  employed.  2  or  3  drops  of  melted  agar  were 
placed  on  a  sterile,  hollow  ground  slide  and  allowed  to  cool.  Subsequently  a 
small  loop  of  a  suspension  of  cells  from  a  given  colony,  diluted  in  sterile  0.85 
per  cent  salt,  was  placed  on  the  surface  of  the  agar.  The  dilution  was  so  ad¬ 
justed  that  a  loop  contained  10  to  20  bacterial  cells.  The  preparation  was  then 
placed  on  a  microscope  stand  and  examined  in  a  warm  box  with  a  dry  objective 
at  a  magnification  of  690  diameters.  Aseptic  precautions  were  maintained 
th’-oughout. 

Single  cells  from  smooth-susceptible,  smooth-resistant,  mucoid- 
susceptible,  mucoid-resistant,  and  rough-resistant  colonies  were  fol- 
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lowed  through  the  2,  4,  8,  16,  and  32  cell  stages.  Many  strains 
were  used,  but  no  differences  in  cell  morphology  or  behavior  were  de¬ 
tected.  In  so  far  as  we  could  determine,  young  bacilli  from  the  various 
colony  types  were  indistinguishable. ^ 

TABLE  I. 

Growth  of  Smooth  and  Variant  Strains  of  B.  ententidis  in  Broth. 
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hrs. 

0 

12 

9 

5 

11 

14 

11 

1 

21 

18 

8 

8 

18 

12 

2 

65 

32 

22 

31 

30 

45 

3 

216 

88 

127 

178 

245 

191 

4 

1870 

560 

430 

975 

1190 

1540 

5 

8600 

3040 

3473 

6380 

11,093 

9800 

6 

52,533 

13,000 

10,000 

35,400 

59,600 

75,533 

7 

380,000 

140,000 

290,000 

288,700 

443,000 

582,000 

8 

2,850,000 

390,000 

595,000 

1,260,000 

3,347,000 

4,300,000 

9 

16,033,333 

4,250,000 

2,000,000 

9,133,333 

18,900,000 

15,800,000 

10 

63,533,333 

19,270,000 

216,000,000 

43,300,000 

92,533,333 

135,933,333 

24-26 

940,000,000 

820,000,000 

920,000,000 

1,085,000,000 

1,470,000,000 

1,370,000,000 

days 

103-110 

2,113,000 

48,200 

3,520,000 

1,920,000 

0 

334,000 

286 

— 

— 

— 

0 

0 

0 

Dark-field  illumination  and  staining  methods  likewise  failed  to  ex¬ 
hibit  any  distinguishing  characteristics. 

^  A  somewhat  similar  study  of  smooth  and  rough  cells  has  been  made  by 
Nutt  (3).  She  found  that  “rough  cultures  showed  the  typical  bending  type  of 
division,  producing  at  the  end  of  the  day,  irregular  masses  with  projecting  angles. 
In  the  smooth  cultures,  the  sliding  divisions  gave  rise  to  the  smooth,  even  masses 
typical  of  the  smooth  colony.”  Apparently,  the  emulsions  used  for  seeding  in 
these  observations  were  not  washed,  but  contained  the  metabolic  products  which 
accumulate  durmg  cell  growth.  It  is  not  impossible,  therefore,  that  unwashed 
cells  do,  at  the  outset,  behave  differently,  whereas  washed  cells  behave  similarly 
until  metabolic  substances  accumulate. 
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Rate  of  Multiplication  of  Cells  from  Smooth  and  Variant  Colonies. 

Tests  were  then  made  of  the  growth  rates  of  single  cell  bacterial 
cultures  obtained  from  smooth  and  variant  colonies. 

Experiment  1. — ^Variant  colonies  of  Strain  3  were  obtained  from  a  single  cell 
smooth-susceptible  colony  strain  by  methods  outlined  in  the  preceding  paper 
(1,  a).  From  these  colonies,  single  cell  cultures  were  procured,  according  to 
Reimann’s  technique  (2).  These  variant  strains  were  transferred  to  stock  agar 
slants  and  tested  carefully  for  type  purity  before  use. 


Text-Fig.  1 .  Growth  of  single  cell  cultures  of  B.  enieritidis  in  broth.  Smooth- 
resistant,  mucoid-resistant,  and  rough-resistant  strains. 

18  hour  broth  cultures  from  the  stock  single  cell  smooth  and  variant  strains 
were  diluted  in  broth  to  1/1,000,000.  1.5  cc.  of  this  dilution  was  added  to  150 
cc.  of  broth  in  Erlenmeyer  flasks,  at  37°.  Counts  were  made  immediately,  and 
thereafter  at  hourly  intervals,  for  10  hours.  Further  counts  were  made  at  24 
hours,  and  100  and  280  days.  The  plating  method  was  employed  for  counting, 
and  care  taken  to  insure  the  type  purity  of  each  strain.  The  results  of  this  ex¬ 
periment  are  shown  in  Table  I  and  Text-figs.  1  and  2.® 


*  These  observations  were  made  by  Dr.  I.  W.  Pritchett. 
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The  figures  (Table  I)  and  curves  (Text-figs.  1  and  2)  indicate  that 
the  growth  rates  of  single  cell  strains  from  smooth,  mucoid,  and  rough 
type  colonies  are  essentially  identical. 

Thus  it  appears  that  in  morphology,  gross  behavior,  and  growth 
rate,  young  cells,  1  to  10  hours  old,  from  any  of  the  several  colony 
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The  Northrop  type  of  cataphoresis  cell  was  employed  and  standardized  accord¬ 
ing  to  his  methods  (4).  Readings  were  taken  at  3/16,  7/16,  and  11/16  of  the 
cell  depth,  using  both  directions  of  current.  The  current  was  regulated  to 
give  a  potential  difference  in  the  cell  of  5  volts  per  cm.  From  the  formula. 


M  (83.331 
No.  of  sec. 


X  14, 


5 


the  potential  in  millivolts  was  calculated.  18  hour  growths  of  single  cell  cultures 
were  used,  and  in  the  tests  reported,  washed  four  times  in  distilled  water  and 
suspended  in  Northrop’'s  buffer  (5). 


TABLE  II. 

Rate  of  Migration  of  Cultures  from  Smooth  and  Variant  Colonies. 


SS  =  single  cell  culture  from  smooth-susceptible  colony;  SR  =  single  cell 
culture  from  smooth-resistant  colony;  MS  =  single  cell  culture  from  mucoid- 
susceptible  colony;  MR  =  single  cell  culture  from  mucoid-resistant  colony; 
RR  =  single  cell  culture  from  rough-resistant  colony. 

Table  II  shows  the  results  of  two  tests.  The  migration  rate  and 
calculated  potential  of  cells  from  different  colonies  were  found  to  be 
similar.  Other  tests  on  unwashed  cells  and  washed  cells  suspended 
in  distilled  water,  0.85  per  cent  NaCl,  or  1  per  cent  phosphate  affected 
the  migration  rate  in  the  usual  manner  (6),  but  brought  out  no  differ¬ 
ences  among  the  various  cultures  employed. 

Oxygen  Absorption  {Determinations  by  Dr.  Hawkins). 

An  attempt  was  made  to  compare  the  respiration  rate  of  single 
cell  cultures  from  smooth  and  variant  colonies  by  measuring  the 
amount  of  oxygen  absorbed  by  each  under  conditions  of  equilibrium. 
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Technique. — Single  cell  cultures  from  smooth  and  variant  colonies  were  grown 
in  broth  18  to  24  hours,  and  washed  four  times  in  Ringer’s  solution  containing 
0.025  mols  of  sodium  bicarbonate  per  liter.  Final  suspensions  were  then  made  in 
Ringer-bicarbonate  solution  in  such  a  way  as  to  contain  relatively  the  same  number 
of  bacilli  per  cc.  Bacterial  counts  were  made  before  and  after  the  tests  to  deter¬ 
mine  the  actual  numbers  of  living  organisms  in  each  suspension.  The  cultures 
were  then  given  to  Dr.  James  Hawkins  who  determined  the  amount  of  oxygen 
absorbed  by  each  culture.® 

TABLE  III. 


80 
727 
125 

278 
218 
245 

310 
400 
140 

SS  =  cells  from  smooth-susceptible  colony;  SR  =  cells  from  smooth-resistant 
colony;  MS  =  cells  from  mucoid  susceptible  colony;  MR  =  cells  from  mucoid- 
resistant  colony;  RR  =  cells  from  rough-resistant  colony. 

The  hydrogen  ion  concentration  was  adjusted  to  pH  7.6  by  bubbling  through  the 
suspension  a  mixture  of  5  per  cent  carbon  dioxide  and  95  per  cent  oxygen.  8  cc. 

®Full  descriptions  of  Dr.  Flawkin’s  technique  are  to  be  found  in  the  following 
papers:  Warburg,  O.,  and  Minami,  S.,  Klin.  Woch.,  1923,  ii,  776.  Warburg,  O., 
Negelcin,  E.,  and  Posener,  K.,  Klin.Woch.,  1924,  iii,  1062.  Warburg,  O.,  Biochem. 
Z.,  1923,  cxlii,  317.  Minami,  S.,  Biochem.  Z.,  1923,  cxlii,  334.  Warburg,  O., 
Biochem.  Z.,  1924,  clii,  51.  Warburg,  O.,  Posener,  K.,  and  Negelein,  E.,  Biochem. 
Z.,  1924,  clii,  309.  Murphy,  Jus.  B.,  and  Hawkins,  J.  A.,  J.  Gen.  Physiol.,  1925, 
viii,  115. 
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and  3  cc.  portions  of  the  suspension  were  measured  accurately  into  a  Warburg 
type  of  cell.  5  cc.  of  this  same  Ringer’s  solution,  without  bacteria,  was  placed  in 
another  cell  to  act  as  a  control  for  change  in  temperature  and  barometric  pressure. 
The  cells  were  attached  to  Barcroft  manometers,  and  after  the  residual  air  in  the 
cells  and  manometers  had  been  swept  out  by  the  oxygen-carbon  dioxide  mixture, 
they  were  sealed.  The  manometers  were  placed  on  a  mechanical  shaker  with  the 
cells  immersed  in  a  constant  temperature  bath  at  37.5°  ±  0.01°C.  and  shaken. 
The  manometers,  with  the  cells  munersed  in  the  constant  temperature  bath,  were 
left  for  15  minutes  to  allow  them  to  come  to  equilibrium  and  were  then  read  every 
15  minutes. 

The  amoimt  of  oxygen  consumed  by  the  bacteria  is  determined  in  c.mm.  per 
hour.  The  results  are  shown  in  Table  III. 


Colony  type 

as 

O  - 


Colony  formation  of  B.  enteritides 
Mult  cells  yxing  daughter  Mature  daughter 


5R. 

O 

TIS 


© 

RR. 


Resulting 

colonies 

■  0“ 

SR 

'  O 


MS 


MR 


SS  ■  Smooth- susceptible  colony 

SR"  ■  -resistant 

MS"  Mucoid-  susceptible 

MR"  ■  -resistant 

RR’  Rough  -  •  • 

Text-Fig.  3.  Diagram  showing  theory  of  colony  formation  of  B.  cntcrilidis. 


These  figures  indicate  that  the  oxygen  absorption  rate  per  unit  of 
time  per  cell  in  suspensions  from  the  typical  smooth-susceptible  colon¬ 
ies  and  their  mucoid  and  rough  variants  is  approximately  the  same. 
Hence,  the  rate  of  respiration,  a  fundamental  cell  property,  may  be 
considered  uniform  for  the  cells  of  the  different  type  colonies. 

The  various  observations  thus  far  made  were  designed  to  bring  out 
fundamental  differences  between  bacilli  from  smooth  and  variant 
colonies.  That  they  failed  to  do  so,  in  that  no  differences  in  (1) 
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morphology,  or  (2)  growth  rate  were  noted  in  young  cells,  and  no 
differences  in  (3)  potential,  or  (4)  in  respiration  rate  in  mature  cells, 
does  not  prove  that  young  bacilli  from  each  of  the  several  colony  types 
are  essentially  the  same.  However,  the  tests  do  point  in  that  direc¬ 
tion,  and  hence  confirm  the  theory  stated  in  the  preceding  paper. 
Accordingly,  one  may  consider  colony  morphology  as  the  gross  appear¬ 
ance  of  a  population  of  adult  microbes  fundamentally  similar  but  modi¬ 
fied  by  certain  environmental  circumstances,  rather  than  as  the 
expression  of  any  special  genetic  characters  common  and  specific  to 
each  individual  in  the  population.  Such  a  view  would  predicate  the 
genetic  uniformity  of  young  daughter  cells  derived  from  individuals 
of  all  the  colony  types,  and  would  explain  colony  modifications  as 
representative  of  acquired  properties  occurring  during  the  lifetime  of 
the  individual  bacilli,  in  response  to  certain  definite  environmental 
conditions  (Text-fig.  3). 

Staining  Characteristics. 

Notwithstanding  this,  cells  from  18  to  24  hour  growths  do  differ 
in  certain  properties  according  to  the  colony  type  from  which  they 
originated.  One  of  these  differences  is  in  staining  quality.  Bacilli 
from  the  mucoid-susceptible  or  resistant  colonies  appear  swollen  and 
stain  poorly.  Capsules  may  be  demonstrated.  Bacilli  from  the 
rough-resistant  colonies  appear  small  and  shrunken.  The  bacterial 
cytoplasm  appears  reduced  in  amount.  These  differences  are  seen 
very  clearly  when  Wright’s  blood  stain  is  used. 

Differential  Characteristics  off  Cells  ffrom  “Susceptible”  and 
“Resistant”  Colonies. 

Three  other  characteristics  distinguish  cells  from  susceptible 
and  resistant  colonies:  namely,  (1)  their  behavior  in  the  presence  of 
nutrient  media  containing  bacteriophage;  (2)  their  acid  agglutination 
zone,  and  (3)  their  virulence. 

Cell  Behavior  in  the  Presence  off  Bacteriophage. — Single  cell  cultures 
derived  from  smooth-,  mucoid-,  and  xovi^-susceptible  colonies  grow 
poorly  or  not  at  all  on  agar  containing  0.1  per  cent  or  more  specific 
bacteriophage,  while  similar  implants  from  resistant  colonies,  smooth. 
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mucoid,  or  rough,  multiply  luxuriantly  and  form  type-specific  resistant 
colonies.  These  differences  have  been  discussed  at  length  in  the 
previous  paper  (1,  a). 

Differences  in  Acid  Agglutination. — The  second  difference  between 
resistant  and  susceptible  colony  cultures  is  that  the  former  flocculate 
in  acid  buffers  at  pH  3.8  to  4.2,  while  the  latter  remain  suspended. 

Technique. — 18  hour  single  cell  cultures  from  the  stock  agar  slant  were  tested 
for  type  purity  and  washed  four  times  in  distilled  water.  1  cc.  of  a  suitably 
diluted  suspension  was  then  added  to  2  cc.  of  acid  solutions  of  differing  pH  values. 
When  Na  acetate-acetic  acid  buffers  were  used,  suspensions  from  the  resistant 
colony  types  (smooth,  mucoid,  and  rough)  flocculated  at  pH  2.5  to  4.0.  In  Na 
lactate-lactic  acid  buffers,  they  agglutinated  at  pH  3.0  to  3.8,  and  in  dilutions 
of  hydrochloric  acid  at  pH  3.8  and  4.0  (7).  Suspensions  from  susceptible  colonies 
(smooth,  mucoid,  or  rough)  did  not  flocculate  at  any  acid  dilution  employed. 
LaCl-j,  however,  from  dilutions  of  1/20  to  1/20,480  agglutinated  all  cultures  alike. 

Virulence  of  Single  Cell  Cultures  from  Smooth-Susceptible  and  Vari¬ 
ant  Colony  Types. — Single  cell  cultures  from  bacteriophage-resistant 
colonies,  smooth,  mucoid,  and  rough,  proved  markedly  less  virulent 
than  cultures  from  the  smooth-susceptible  colony  strains.  The  de¬ 
tails  of  these  experiments  are  contained  in  the  following  paper  (1,  b). 

Action  of  Bacteriophage  on  Living,  Non-Multiplying  Bacterial  Cells. 

That  the  bacilli  from  various  type  colonies  resemble  one  another 
closely  in  their  fundamental  characteristics  and  yet  differ  in  acid 
agglutination,  virulence,  and  resistance  to  bacteriophage,  according 
to  whether  they  come  from  susceptible  or  resistant  colonies,  suggests 
the  possibility  that  the  differences  are  due  to  an  adsorption  of  bac¬ 
teriophage  on  the  surface  of  the  resistant  bacilli.  Accordingly,  this 
phenomenon,  and  its  modifying  effects  would  be  considered  as  the 
result  of  acquired,  not  of  inherited,  alterations. 

Experiments  in  another  paper  (1,  b)  support  this  view  entirely. 
Furthermore,  such  a  conclusion  is  in  harmony  with  the  latest  studies  on 
the  mechanism  of  bacteriophage  action.  D’Herelle  (8),  and  all  late 
investigators  are  of  the  opinion  that  the  first  step  in  bacteriophage 
action  is  a  surface  binding  of  phage  and  bacterial  cell.  Still  another 
series  of  studies  on  the  mechanism  of  bacterial  agglutination  are  ex- 
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plained  by  considering  flocculation  as  the  result  of  a  specific  coating 
of  bacteria  by  globulin  (9). 

We  have  sought  further  information  as  to  (1)  whether  bacterial 
cells  do  adsorb  bacteriophage  and  (2)  whether  susceptible  cells  in 
contact  with  bacteriophage  under  conditions  where  the  possibility  of 
multiplication  is  reduced  to  a  minimum,  do  become  altered  to  resemble 
cells  from  resistant  colonies. 

The  technique  of  the  tests  was  so  arranged  as  to  reduce  as  far  as 
possible  bacterial  multiplication. 

18  hour  growths  of  single  cell  cultures  in  broth  were  washed  four  times  in  dis¬ 
tilled  water.  0.8  per  cent  NaCl  gave  similar  results.  The  washed  cells  were 
then  suspended  in  various  buffer  solutions,  glycocoU  (5),  and  0.2  and  1  per  cent 
phosphate.  When  distilled  water  or  0.8  per  cent  NaCl  was  used  as  the  diluent, 
the  pH  of  the  systems  dropped  rapidly  to  6  or  6.6,  thus  rendering  the  system 
unfavorable  for  the  test.  0.2  per  cent  phosphate  was  finally  employed  as  a 
standard. 

The  number  of  cells  per  cc.  was  estimated  by  comparison  with  standardized 
suspensions  and  checked  by  actual  counts  on  dilution  plates.  The  test  suspen¬ 
sions  with  or  without  phage  were  then  placed  in  the  ice  box  at  4°  from  4  to  144 
hours.  Preliminary  tests  and  direct  counts  showed  that  very  few  cells  were 
killed  during  the  washing  process,  or  during  the  first  24  hours  in  the  ice  box  at 
4°C.,  provided  the  cells  were  suspended  in  a  concentration  of  not  more  than  10® 
per  cc. 

Specific  bacteriophage  was  prepared  in  broth  in  the  usual  way  and  added  to 
the  suspensions  in  as  small  a  volume  as  possible.  Subsequent  determination  of 
the  amount  of  bacteriophage  remaining  in  the  solution  was  obtained  by  throw¬ 
ing  down  the  cells,  removing  the  supernatant,  heating  it  to  60°  for  30  minutes, 
or  preferably  filtering  it  through  an  M  Berkefeld  candle.  Dilutions  of  the 
filtrate  were  then  made  from  unit  volume  to  10~®  in  5  cc.  broth,  and  about  10,000 
bacilli  of  an  18  hour  single  cell  culture  of  the  smooth-susceptible  type  strain 
added  to  each.  The  amount  of  growth  in  each  tube  at  37°  was  then  recorded 
at  a  definite  interval  of  6  to  10  hours  after  inoculation. 

Cells  acted  upon  by  bacteriophage  at  4°  were  tested  in  several  ways  for  com¬ 
parison  with  cells  from  variant  type  colonies.  After  being  removed  from  the 
ice  box,  the  suspensions  were  centrifuged  and  the  cells  washed.  Oxygen  ab¬ 
sorption  rate,  potential,  and  acid  agglutination  zones  were  determined,  as  well 
as  virulence.  The  results  of  these  several  tests  are  given  in  Tables  IV  to  VT. 

Table  IV  shows  the  results  of  one  of  a  number  of  such  tests  with 
single  cell  strains  from  the  typical  smooth-susceptible  colonies.  Under 
these  conditions,  200,000,000  organisms  per  cc.  removed  all  bacterio- 
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phage  from  the  solutions  of  1/1000  and  1  /lOO  concentration.  The  10 
per  cent  solution  of  bacteriophage  was  not  entirely  exhausted;  the 


TABLE  IV. 

Action  of  Bacteriophage  on  Suspensions  of  Non-Multiplying  Bacteria. 


Organisms 
2,000,000 
per  cc. 
2/16/26 


Organisms 

plus 

bouillon 

control 

(1) 

Organisms 
plus 
bouillon 
control 
(2)  _ 

Organisms 

plus 

phage 

1/10 

Organisms 

plus 

phage 

1/100 

Organisms 

plus 

phage 

1/1000 


Count  per  cc. 
after  4'*C.,  18 
hrs. 


180,000,000 


200,000,000 


115,000,000 


184,000,000 


210,000,000 


1/100 

1/1000 


Amount  of  phage  remaining  in  supernatant 


Phage 

control 


Dilution  of  supernatant 


+ 


+ 


+ 


+ 


+ 


Acid  agglutination  of  bac¬ 
terial  sediment 


Dilution  n/10  HCl 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+  =  good  growth  at  8  hours;  0  = 
no  growth  at  8  hours;  —  =  no  test. 


Oi  0 


—  =  no  test;  +  =» 
agglutination  at  pH  4.C 
and  4.2. 


'r 


supernatant,  when  filtered,  definitely  inhibited  the  growth  of  the  test 
strain.  Organisms  in  a  solution  containing  phage  in  a  dilution  of 
1/1000  and  1/100  did  not  agglutinate,  while  those  in  a  10  per  cent 
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solution  flocculated  at  the  same  pH,  3.8  to  4.2,  as  do  bacilli  from 
phage-resistant  variant  colonies.  A  number  of  these  tests  under 
slightly  differing  conditions  gave  similar  results. 

Subsequently  the  ratio  of  organisms  to  quantity  of  bacteriophage 
was  varied  and  the  test  repeated.  The  tests  indicated  that  the  ratio 
of  number  of  organisms  to  amount  of  bacteriophage  taken  out  of  the 
solution  is  relatively  constant  and  hence  that  in  all  probability,  each 
bacillus  takes  up  a  certain  and  definite  amount  of  the  lytic  substance. 

Table  V  compares  the  activity  O'f  living  and  dead  bacilli.  A  single 
cell  culture  of  smooth-susceptible  colony  type  bacilli  "was  used,  washed 
four  times  in  distilled  water,  and  divided  into  two  portions.  One 
was  heated  to  75°C.  for  1  hour.  Evidently  dead  bacilli  take  up  bac¬ 
teriophage  from  the  solution,  but  to  a  less  degree.  Probably,  however, 
there  exists  a  definite  quantitative  relation  as  in  the  case  of  the  living 
organisms.  Furthermore,  dead  bacilli  are  not  agglutinated  in  acid 
solution  unless  placed  in  contact  with  the  bacteriophage.  When  so 
treated,  however,  they  flocculate  at  pH  3.8  to  4.2,  as  do  living  cells 
of  the  same  sort  and  cells  from  bacteriophage-resistant  variant 
colonies. 

Oxygen  absorption  and  potential  measurements  were  made  on  sus¬ 
pensions  of  washed  cells  in  contact  with  bacteriophage  at  4°C.  They 
were  found  to  take  up  the  same  amount  of  oxygen  per  unit  of  time 
and  to  migrate  at  the  same  rate  in  the  electric  field  as  control  suspen¬ 
sions  and  cells  from  any  of  the  various  type  colonies.  Hence  bacterio¬ 
phage  in  contact  with  living  smooth-susceptible  cells  in  the  resting 
state,  as  well  as  cells  from  variant  colony  types,  did  not  affect  these 
fundamental  physiological  properties. 

Changes  in  virulence  were  determined  by  the  usual  procedures. 
Washed  cultures  in  contact  with  bacteriophage  at  4°C.  were  later 
washed  again  and  given  to  mice  intraperitoneally  and  per  os.  Similar 
suspensions  without  the  addition  of  phage  w'ere  used  as  controls. 
Not  only  were  the  former  suspensions  of  low  pathogenicity,  but  they 
failed  to  multiply  in  the  body  of  the  host  and  disappeared  rapidly  in  a 
manner  precisely  similar  to  single  cell  cultures  from  phage-resistant 
variant  colonies.  That  this  was  not  due  to  lysis  was  made  certain 
by  the  behavior  of  broth  and  agar  plate  transfers.  The  details  of  this 
experiment  are  described  in  the  following  paper  (1,6). 
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The  fact  that  cells  from  smooth-susceptible  colonies  may  be  treated 
with  phage  under  conditions  where  the  possibility  of  cell  multiplica¬ 
tion  is  reduced  to  a  minimiun  and  changed  so  that  they  behave  in  a 
way  precisely  similar  to  cells  taken  directly  from  the  bacteriophage- 


TABLE  VI. 


Action  of  BacteriopJiage  on  Suspensions  of  N on-Multiplying  Cells  from 
Bacteriophage-Resistant  Colony  Types. 


Amount  of  bacteriophage  remaining 
in  supernatant 


Dilution  of  supernatant 


SR  (115,000,000) 

SR  (115,000,000) 
plus  phage  1/100 
SR  (115,000,000) 
plus  phage  1/1000 
MR  (94,000,000) 
MR  (94,000,000) 
plus  phage  1/100 
MR  (94,000,000) 
plus  phage  1/1000 
RR  (120,000,000) 
RR  (120,000,000) 
plus  phage  l/KX) 
RR  (120,000,000) 
plus  phage  1/1000 


Acid  agglu  tination  of  bacterial 
sediment  Na 

lactate-lactic  acid  buffers 


Hydrogen  ion  concentration  of 
buffers 


—  =  no  test;  -f  =  good  growth 
at  8  hours;  0  no  growth  at  8  hours. 


C  C  C  0 

C  C  C  0 

C  C  C  0 

C  C  C  0 

C  C  C  0 

C  C  C  0 

C  C  C  0 

C  C  C  C  C  0 

C  C  C  C  C  0 


0  =  no  agglutination; 

C  =  complete  agglutina¬ 
tion. 


resistant  variant  colonies  is  considered  by  us  as  evidence  that  this 
type  of  change  is  purely  an  environmental  phenomenon,  and  that  the 
particular  bacteriophage  action  is  a  surface  adsorption  process  simi¬ 
lar  to  that  of  agglutinins  adhering  to  the  surface  of  their  specific  bac¬ 
terial  cell.  If  this  viev/  is  correct,  one  would  expect  cells  from  bac- 
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teriophage-resistant  colonies  to  adsorb  no  further  bacteriophage  under 
similar  conditions,  and  to  remain  unaltered. 

Table  VI  summarizes  the  results  of  a  test  in  which  cell  suspensions 
from  smooth-,  mucoid-,  and  xon^-resistant  colonies  were  treated 
with  bacteriophage  as  in  the  previous  tests.  None  of  them  removed 
any  noticeable  quantity  of  phage  from  the  solutions,  and  none  of  them 
showed  alterations  in  acid  agglutination  zone. 

DISCUSSION. 

The  above  experiments  are  a  continuation  of  those  reported  in  the 
preceding  paper,  the  purpose  of  which  has  been  to  secure  a  better 
understanding  of  the  mechanism  of  colony  transformation  and  of  the 
part  it  plays  in  determining  the  spread  of  mouse  typhoid.  The  ob¬ 
servations  on  colony  variation,  although  somewhat  irregular,  indicate 
that  type  of  colony  depends  upon  environmental  rather  than  heredi¬ 
tary  factors.  This  point  of  view  is  supported  by  the  present  studies  on 
bacterial  cells  taken  directly  from  different  type  colonies,  and  by  the 
fact  that  living  bacteria  from  the  typical  smooth  colonies,  placed  in 
contact  with  bacteriophage  under  conditions  where  cell  multiplication 
was  restrained,  are  altered  so  as  to  resemble  the  bacterial  cells  from 
the  variant  bacteriophage-resisting  colonies. 

To  consider  the  transformation  process  to  mucoid  and  rough  vari¬ 
ant  colonies  as  one  of  environmental  degradation,  and  the  reversion 
to  smooth  type  as  mere  accumulation  of  daughter  cells  in  the  absence 
of  such  environment,  does  not  explain  bacterial  transformation  in 
the  hemorrhagic  septicemic  group  of  organisms.  Here  the  process 
seems  non-reversible,  and  cells  from  variant  colonies  are  found  to 
differ  markedly  in  fundamental  properties  (1,  c).  We  put  forward  the 
view  stated  merely  as  a  working  hypothesis,  and  as  best  explaining 
at  the  present  time  the  facts  at  hand  relating  to  the  transformation  of 
organisms  of  the  mouse  typhoid  B.  enteritidis  group. 

CONCLUSIONS. 

1.  During  early  stages  of  multiplication,  single  cells  from  smooth-, 
mucoid-,  and  rough-susceptible  and  variant  colonies  show  no  differ¬ 
ences  in  morphology  or  growth  rate. 
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2.  Cells  from  18  to  24  hour  single  cell  cultures  of  these  various  colony 
types  possess  similar  oxygen  absorption  and  cataphoretic  migratory 
rates.  In  staining  property,  the  cells  from  mucoid  colonies  appear 
larger,  and  those  from  rough  colonies  smaller,  than  the  typical  cells 
from  smooth-susceptible  colonies. 

3.  Cells  from  bacteriophage-resistant  colonies  differ  from  those 
of  bacteriophage-susceptible  colonies  in  their  ability  to  multiply 
luxuriantly  in  the  presence  of  bacteriophage,  and  in  their  tendency  to 
flocculate  in  acid  solutions  at  pH  3.8  to  4.1,  as  well  as  in  their  low  degree 
of  virulence. 

4.  Cells  from  smooth  bacteriophage-susceptible  colonies  in  contact 
with  bacteriophage  under  conditions  where  multiplication  is  restrained 
may  be  altered  so  as  to  resemble  the  cells  from  the  bacteriophage- 
resistant  colonies. 

5.  These  facts  furnish  evidence  that  bacteriophage  adheres  to  the 
surface  of  the  bacterial  cell  and  that  the  various  cell  changes  and  colony 
alterations  are  of  an  environmental  rather  than  genetic  nature. 
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STUDIES  ON  THE  MODE  OF  SPREAD  OF  B.  ENTERITIDIS 
MOUSE  TYPHOID  INFECTION. 

IV.  The  Relative  Virulence  of  Smooth,  Mucoid,  and 
Rough  Strains. 

By  LESLIE  T.  WEBSTER,  M.D.,  and  CASPAR  BURN. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  July  9,  1927.) 

In  another  paper  of  the  series,  we  pointed  out  that  when  bacteria 
from  typical  smooth  colonies  of  mouse  strains  of  B.  enteritidis  are 
grown  under  certain  environmental  conditions,  they  become  trans¬ 
formed  into  mucoid  and  rough  colony  forms  (1,  a).  Organisms  from 
these  “variant”  colonies,  especially  the  smooth,  mucoid,  and  rough 
bacteriophage-resistant  forms,  were  found  to  differ  in  certain  respects 
from  those  of  the  original  smooth  strain  (1,  h).  Cine  of  the  distin¬ 
guishing  characters  proved  to  be  loss  of  virulence,  a  change  which 
also  w'as  effected  experimentally  by  placing  smooth  type  bacteria  in 
contact  with  bacteriophage.  It  is  proposed  now  to  describe  the  titra¬ 
tions  of  virulence  carried  out  and  to  give  details  of  two  additional 
experiments  which  partly  explain  the  virulence  mechanism  involved. 

The  question  of  the  measurement  of  bacterial  virulence  has  been 
referred  to  at  length  elsewhere  (1,  c).  At  this  time  it  is  sufficient  to 
emphasize  again  the  necessity  of  controlling  the  dosage  variable  by 
using  known  numbers  of  bacilli,  and  the  host  factor  by  inoculating  a 
sufficient  number  of  mice  of  one  race,  similar  age  and  weight,  and 
with  no  previous  exposure  to  the  specific  infection.  The  bacteria 
should  be  introduced  by  way  of  the  normal  portal  of  entry,  and  the 
mice  should  then  be  placed  in  separate  cages  in  order  to  reduce  the 
number  of  bacilli  reingested.  Under  these  conditions  the  reaction  of 
an  adequately  large  group  of  mice  should  be  relatively  constant,  a 
definite  number  of  individuals  dying  at  a  relatively  constant  rate, 
others  recovering,  and  still  others  remaining  apparently  unaffected. 
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These  effects  may  be  shown  graphically  by  plotting  total  mortality 
per  cent  against  time. 

The  mice  employed  in  the  titrations  recorded  below  came  from  the  Rocke¬ 
feller  Institute  breeding  room.  They  consisted  of  an  albino  strain,  inbred  for 
15  years.  At  the  time  of  inoculation  each  animal  was  12  to  14  weeks  old,  and 
weighed  18  to  20  gm.  They  are  believed  to  have  been  unexposed  to  B.  enferitidis 
mouse  t3^hoid,  although  a  very  occasional  carrier  (less  than  1  per  1000)  has  been 
encountered  from  time  to  time  among  the  stock  animals  (1,  d).  After  inocula¬ 
tion  by  stomach  tube,  each  animal  was  placed  in  a  separate  glass  jar  in  a  special 
room  cared  for  by  an  experienced  attendant. 


TABLE  I. 

Relative  Virulence  of  Smooth,  Mucoid,  and  Rough  Strains  of  B.  enteritidis. 
Experiment  1. 


•o 

*3 

Mor- 

IB 

Results  of  fecal  cultures 

*g 

Colony  type  ol 
ture  injectre 

tality 

deaths 

Results  of 

9th  day 

1  31st  day 

e 

*o 

il 

Per  cent 

Per  cent 

colony  types 

No. 

positive 

Per  cent  and 
type  of  colonies 

No. 

positive 

Per  cent  and 
type  of  colonies 

27 

SS 

22 

82 

22 

82 

Smooth  22 ; 
mucoid  2 

3(23%) 

Smooth  2; 
mucoid  2 

0 

0 

26 

MR 

6 

23 

6 

23 

Smooth  5; 
mucoid  5 

5(21%) 

Mucoid  5 

1(5%) 

Mucoid  1 

27 

RR 

6 

22 

5 

18.5 

Smooth  2 ; 
rough  5 

5(20%) 

Rough  5 

2(9.1%) 

Rough  2 

SS  =  culture  from  smooth-susceptible  colony;  MR  =  culture  from  mucoid- 
resistant  colony;  RR  =  culture  from  rough-resistant  colony. 


Experiment  1. — ^The  first  test  was  made  with  the  smooth  type  stock  strain 
No.  3,  obtained  in  1922  from  a  case  of  spontaneous  mouse  typhoid  (1,  a,  h). 
Its  virulence  was  determined  carefully  in  1923  and  found  to  be  relatively  constant 
and  high  (1,  c).  Since  that  time  it  has  been  kept  in  the  ice  box  on  an  agar  slant 
and  transferred  at  irregular  intervals.  During  October,  1925,  the  culture  was 
treated  with  bacteriophage.  This,  when  added  to  broth  or  agar  cultures  of  the 
bacilli,  led  to  the  appearance  of  typical  smooth,  mucoid,  and  rough  colony 
variants  which  were  resistant  to  lysis.  The  desired  variant  colonies  were  trans¬ 
ferred  to  stock  agar  slants  and  identified  and  examined  for  type  purity  wit'’  a 
minimum  number  of  subcultures. 

Transfers  from  the  stock  agar  cultures  of  the  original  smooth  type  and  the 
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mucoid  and  rough  variants  were  made  to  broth  and  incubated  for  17  hours  at 
37°.  The  following  day  suitable  dilutions  were  made,  plates  were  poured  for 
counting  colonies,  and  i  cc.  of  the  1-100  broth  dilution  of  each  culture  was 
given  Per  os  to  three  series  of  mice.  Each  of  twenty-seven  mice  received  about 
5,000,000  of  the  original  smooth  type  bacilli;  twenty-six  mice,  about  7,500,000 
mucoid  variant  bacilli,  and  twenty-seven  mice  10,000,000  of  the  rough  type. 
Each  culture  employed  w'as  found  to  be  type-pure.  Mice  found  dead  from  day 
to  day  during  the  experiment  were  autopsied  and  cultured  from  heart’s  blood, 
spleen,  and  intestine.  The  types  and  relative  numbers  of  organisms  were  deter¬ 
mined.  Fecal  cultures  on  all  mice  3  days  before  inoculation  were  negative.  11 
and  31  days  after  inoculation  the  surviving  mice  were  cultured  to  determine 
the  presence  of  B.  enteritidis  in  their  feces. 


Text-Fig.  1.  Relative  mortality  of  mice  given  smooth,  mucoid,  and  rough 
strains  of  B.  enteritidis.  Experiment  1. 

The  protocols  of  this  experiment  are  summarized  in  Table  I  and 
the  specific  mortality  figures  plotted  in  Text-fig.  1.  82  per  cent  of  the 
mice  receiving  organisms  of  the  original  smooth  type  died,  all  showing 
pure  cultures  of  smooth  colonies  in  heart’s  blood,  spleen,  and  intes¬ 
tine,  and  9.1  per  cent  showing  besides  a  few  mucoid  forms.  The 
mortality  rate  (82  per  cent)  corresponded  almost  exactly  to  that  ob¬ 
served  with  the  same  strain  2  years  previously  (1,  c).  No  mouse  ty¬ 
phoid  bacilli  were  obtained  from  the  stool  cultures  of  the  survivors. 
23  per  cent  of  the  mice  receiving  the  mucoid  strain  died.  At  autopsy 
one  showed  the  mucoid  type  only;  four  mucoid  and  smooth  t>^es,  and 
onethe  smooth  type  alone.  Five  of  the  survivors  showed  mucoid  types 
in  their  feces  11  days  after  injection,  and  only  one  at  31  days.  From 
the  remainder  no  mouse  typhoid  bacilli  were  obtained.  22  per  cent 
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of  the  rough  culture  group  died,  and  at  autopsy  one  yielded  no  mouse 
typhoid  bacilli  from  heart’s  blood,  spleen,  and  intestine  cultures,  three 
rough  forms  only,  and  two  both  rough  and  smooth  forms.  Of  the 
survivors  five  showed  rough  forms  11  days  after  injection,  and  one  at 
the  end  of  the  31  day  period. 

From  the  results  of  this  virulence  titration  we  conclude  that  the 
smooth  type  strain  No.  3  of  B.  enteritidis  is  of  relatively  high  patho¬ 
genicity,  with  exactly  the  same  virulence  as  2  years  ago,  and  that  its 
mucoid  and  rough  variants  are  markedly  less  virulent.  In  the  tissue 
of  the  mouse  the  smooth  culture  remained  type-pure  and  virulent,  ex¬ 
cept  for  the  presence  of  an  occasional  mucoid  colony,^  while  in  many 
instances  the  mucoid  and  rough  variants  tended  to  revert  quickly  to 
the  original  smooth  form. 

2  weeks  after  the  first  titration  a  second  was  made,  in  order  to  com¬ 
pare  the  virulence  of  reverted  and  original  smooth  cultures. 

Experiment  2. — Four  strains  were  used — that  designated  smooth-susceptible 
No.  1,  came  from  the  original  stock  strain  No.  3  and  served  as  the  control;  smooth- 
susceptible  Nos.  2  and  3  were  obtained  from  smooth  colonies  found  on  autopsy 
plate  cultures  from  two  mice  in  Experiment  1  of  the  group  inoculated  with  the 
mucoid  culture;  and  smooth-susceptible  No.  4,  from  a  reverted  smooth  colony 
obtained  from  a  plating  of  the  mucoid  culture  used  in  Experiment  1,  after  six 
daily  passages  in  broth. 

The  technique  employed  for  the  inoculations  was  similar  to  that  used  in 
Experiment  1.  Twenty  mice  received  5,000,000  bacilli  of  the  original  smooth- 
susceptible  culture  No.  1;  twenty  received  5,000,000  of  the  reverted  smooth- 
susceptible  No.  2  forms;  twenty  were  given  4,500,000  of  smooth-susceptible  No.  3, 
and  twenty  7,500,000  of  smooth-susceptible  No.  4  cultures.  Each  culture  was 
tested  carefully  for  type  purity  and  specific  characteristics.  As  far  as  could  be 
determined,  they  were  identical. 

The  specific  mortality  for  each  group  is  plotted  in  Text-fig.  2.  The 
close  similarity  in  amount  and  rate  of  deaths  in  the  various  groups 
indicates  that  the  virulence  of  the  different  reverted  smooth  type  cul¬ 
tures  was  the  same  as  that  of  the  original  strain. 

A  further  titration  was  made  to  test  the  virulence  of  recently  iso¬ 
lated  single  cell  cultures  of  smooth  and  variant  strains  of  B.  enteritidis. 

^  Plates  were  examined  at  24,  48,  and  72  hours.  The  presence  of  mucoid 
colonies  was  attributed  to  the  fact  that  the  plates  had  been  left  at  23°  after  24 
hours  incubation  at  37°  (1,  a). 
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Experiment  3. — mouse  from  one  of  the  expe  rimental  epidemic  populations 
referred  to  above  (1,  d)  was  found  dead  on  December  5,  1925.  At  autopsy, 
smooth  type  colonies  of  B.  enteritidis  were  obtained  in  pure  culture  from  heart’s 


"Per* 


After*  injection 

Text-Fig.  2.  Relative  mortality  of  mice  given  smooth  and  ‘‘'reverted” 
smooth  strains  of  B.  enteritidis.  Experiment  2. 
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blood,  spleen,  and  intestines.  A  single  cell  strain  was  procured  from  the  heart’s 
blood  culture  by  Reimann’s  technique  (2).  A  high  titre  bacteriophage  was  then 
obtained  by  daily  passage  and  filtration  of  this  single  cell  smooth  type  strain. 
This  bacteriophage,  added  to  young  broth  cultures  of  the  single  cell  smooth  type 
strain,  gave  rise  to  mucoid  and  rough  variants  resistmg  lysis.  From  these 
variant  colonies  single  cell  cultures  were  obtained,  identified  serologically,  and 
tested  for  type  purity. 

17  hour  broth  transfers  from  the  stock  agar  slants  of  these  various  single  cell 
cultures  (Text-fig.  3)  were  suitably  diluted  in  broth,  plated,  and  administered  by 
stomach  tube  in  §  cc.  volume  to  four  groups  of  mice.  Each  of  twenty  mice 
received  5,000,000  of  the  original  smooth-susceptible  strain;  twenty  were  given 
9,600,000  of  the  smooth-resistant  variant;  twenty  5,500,000  of  the  mucoid-re¬ 
sistant  variant,  and  twenty  5,000,000  of  the  rough-resistant  form.  The  animals 
were  then  placed  in  separate  jars  and  treated  precisely  as  in  Experiments  1  and  2. 
On  the  following  day  the  colonies  on  the  dilution  plates  were  examined  carefully 
for  type  purity  and  identified  serologically.  All  proved  type-specific. 


TABLE  II. 

Relative  Virulence  of  Smooth,  Mucoid,  and  Rough  Strains  of  B.  enteritidis. 
Experiment  3. 


No.  of  mice 
injected 

Colony 
type  of  cul¬ 
ture 
injected 

Mortality 

"Specific 

”  deaths 

Results  of  autopsy  cultures: 
colony  types 

No. 

Per  cent 

No. 

Per  cent 

20 

SS 

19 

95 

19 

100 

Smooth  19;  mucoid  8 

20 

SR 

8 

40 

1 

5 

Mucoid  1 

20 

MR 

15 

75 

5 

25 

“  5 

20 

RR 

18 

90 

9 

45 

Rough  8;  smooth  2 

The  results  are  summarized  in  Table  II  and  specific  mortality  rates 
are  plotted  in  Text-fig.  4.  95  per  cent  of  the  mice  receiving  the  origi¬ 
nal  smooth-susceptible  type  died.  At  autopsy  smooth  colonies  were 
obtained  from  each  animal  and  in  addition  mucoid  forms  from  eight. 
Eight  mice  receiving  the  smooth-resistant  variant  succumbed;  from 
one  a  mucoid  form  was  recovered;  from  the  remaining  seven  no  mouse 
typhoid  bacilli  were  obtained.  75  per  cent  of  the  mice  given  the 
mucoid-resistant  culture  died.  Of  these  only  25  per  cent  showed  B. 
enteritidis.  Mucoid  forms  alone  w^ere  present.  90  per  cent  of  the 
rough  series  succumbed — only  45  per  cent  harbored  the  specific  or¬ 
ganisms.  P'rom  35  per  cent  of  these,  rough  colonies  alone  were  cul¬ 
tured;  from  one,  both  smooth  and  rough,  and  from  one  other  smooth 
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types  alone.  Thus,  two  discrepancies  were  encountered  in  this  experi¬ 
ment:  first,  the  appearance  of  mucoid  colonies  in  autopsy  cultures  of 
mice  which  had  received  smooth  forms,  and  second,  the  death  of  a 
considerable  number  of  mice  giving  negative  autopsy  cultures.  The 
first  peculiarity  is  explained  by  the  fact  that  the  autopsy  plates  were 
often  left  at  room  temperature  after  24  hours  incubation;  the  second 
we  are  not  able  to  explain  at  the  present  time.  It  is  interesting  to 
note,  however,  that  nearly  all  mice  giving  negative  cultures  died  within 
the  first  6  days,  a  period  below  the  usual  incubation  time. 

If  specific  deaths  are  plotted  with  reference  to  time,  as  in  Text- 
fig.  3,  the  results  appear  quite  consistent  with  those  of  the  first  tw'O 
experiments,  and  indicate  that  the  recently  isolated  single  cell,  smooth- 


Pep 


Text-Fig.  4.  Relative  mortality  of  mice  given  smooth,  mucoid,  and  rough 
strains  of  B.  entcrilidis.  Experiment  3. 


susceptible  culture  is  of  high  virulence,  as  in  the  case  of  those  previously 
titrated,  and  that  the  single  cell  variants — smooth-,  rough-,  and 
mucoid-resistants — are  relatively  of  low  pathogenicity.  Finally, 
there  is  further  corroborative  evidence  that  in  the  animal  tissues  the 
variant  types  (in  this  experiment,  the  rough  form)  revert  to  the  smooth- 
susceptible  type. 

On  December  23,  3  days  after  the  last  series  was  inoculated,  a  fourth 
titration  of  the  same  and  other  variant  cultures  was  carried  out. 

Experiment  4. — ^The  following  strains  were  employed  (see  Text-fig.  3) :  SS  1, 
the  original  single  cell,  smooth-susceptible  strain  used  in  Experiment  3;  SS  2,  a 
single  cell,  smooth-susceptible  culture  similar  in  every  respect  to  SS  1,  obtained 
at  the  same  time  from  another  mouse  in  the  epidemic  series;  MR  1,  the  same 
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single  cell,  mucoid-resistant  variant  from  SS  1  used  in  Experiment  3,  and  MS  1, 
a  single  cell,  mucoid-susceptible  variant,  obtained  from  an  agar  plate  culture  of 
the  original  SS  1,  after  three  daily  broth  passages.  Each  culture  was  given  to 
twenty  mice — 7,600,000  to  each  mouse  in  the  SS  1  group;  5,900,000  to  each  in 
the  SS  2  group,  and  5,000,000  to  each  in  the  MS  1  and  MR  1  groups.  Tests  for 
identification  and  type  purity  observations  and  autopsies  were  made  precisely 
as  in  the  previous  experiments.  All  colonies  on  the  dilution  plates  were  type- 
pure  and  specific.  The  results  are  shown  in  Table  III  and  Text-fig.  5. 

90  per  cent  of  the  mice  receiving  the  original  SS  1  culture  died,  and 
showed  at  autopsy  smooth-susceptible  colonies  in  the  heart’s  blood 
and  spleen  culture  plates.  In  two  cases  besides,  a  few  mucoid  colonies 
were  present.  95  per  cent  of  the  SS  2  series  died;  85  per  cent  with 


TABLE  HI. 

Relative  Virulence  of  Smooth  and  Mucoid  Strains  of  B.  entcriiidis. 
Experiment  4. 


No.  of  mice 
injected 

Colony 
type  of  cul¬ 
ture 
injected 

Mortality 

“Specific”  deaths 

Results  of  autopsy  cultures: 
colony  types 

No. 

Per  cent 

No. 

Per  cent 

20 

SS-1 

n 

90 

18 

90 

Smooth  18;  mucoid  2 

20 

SS-2 

■■ 

95 

17 

85 

“  17 

20 

MS 

14 

70 

10 

50 

Mucoid  10 

20 

MR 

11 

55 

9 

45 

“  9 

smooth-susceptible  colonies  in  heart’s  blood  and  spleen  cultures,  and 
10  per  cent  with  no  typhoid  organisms  whatsoever.  70  per  cent  of 
the  MS  series  died;  from  50  per  cent  type-specific  organisms  were 
recovered;  from  four,  no  mouse  typhoid  bacilli.  55  per  cent  of  the  MR 
series  succumbed;  40  per  cent  with  mucoid-resistant  colonies  in  the 
autopsy  cultures,  one  mouse  with  mucoid-susceptible  forms,  and  two 
with  no  typhoid  colonies.  From  a  comparison  of  the  curves  in  Text- 
fig.  4,  which  include  only  mice  dying  with  positive  typhoid  cultures,  it 
is  evident  that  the  two  single  cell,  smooth-susceptible  strains  are  of 
similar  high  pathogenicity,  and  that  the  single  cell,  mucoid-susceptible 
and  mucoid-resistant  variants  are  of  comparatively  low  virulence. 
Little  evidence  of  type  reversion  in  vivo  was  obtained  in  this 
experiment. 

A  final  titration  was  made  v=uh  the  original  single  cell,  smooth- 
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susceptible  Strain  SS  1,  used  in  Experiments  3  and  4,  together  with 
several  of  its  variants  and  reverted  forms. 

Experiment  5. — ^The  cultures  were  designated  as  follows  (see  Text-fig.  3): 
SS  1,  MS  1,  MR  1,  SR  1,  and  RR  1,  used  in  Experiments  3  and  4,  and  SS  3,  SS  4, 
SS  5,  SS  6,  MS  2,  MS  3,  and  RS  1,  reverted  forms  derived  from  the  above  named 
cultures  by  repeated  broth  passage  and  plating.  SS  3,  a  reverted,  single  cell, 
smooth-susceptible  culture  came  from  the  mucoid-susceptible  variant  (MS  1); 
SS  4,  a  single  colony,  smooth-susceptible  culture  from  the  mucoid-resistant  MR 
strain;  SS  5,  a  single  cell,  smooth-susceptible  culture  from  the  rough-resistant 
RR  variant,  and  SS  6,  a  single  colony,  smooth-susceptible  culture  from  the 
smooth-resistant  (SR)  strain.  MS  2,  a  single  cell,  mucoid-susceptible  culture, 
came  from  the  rough-resistant  RR  strain ;  MS  3,  a  single  colony,  mucoid-susceptible 


Text-Fig.  5.  Relative  mortality  of  mice  given  smooth  and  mucoid  strains 
of  B.  enteritidis.  Experiment  4. 

culture,  from  the  mucoid-resistant  MR  strain,  and  RS,  a  single  cell,  rough- 
susceptible  culture,  from  the  smooth-resistant  SR  strain. 

On  January  13,  1926,  17  hour  broth  cultures  from  the  stock  agar  slants  were 
diluted  in  broth,  plated,  and  given  per  os  to  twelve  series  of  mice.  Each  series 
consisted  of  twenty  animals  obtained  from  the  same  source,  and  cared  for  in  the 
same  way  as  those  used  in  the  previous  experiments.  The  dosage  per  mouse  of 
each  culture  was  as  follows:  SS  1,  9,000,000;  SS  3,  7,500,000;  SS  4,  9,000,000; 
SS  5,  9,000,000;  SS  6,  8,875,000;  MS  1,  7,250,000;  MS  2,  14,000,000;  MS  3, 
5,000,000;  RS  1,  4,250,000;  SR  1,  7,625,000;  MR  1,  6,750,000;  and  RR  1, 
8,885,000.  The  SS  1,  MS  3,  SR  1,  MR  1,  RR  1,  and  RS  1  strains  were  also 
injected  intraperitoneally  into  similar  mice.  Each  strain  was  administered  to 
twelve  mice.  Three  received  a  dilution  of  10“^  three,  10“®;  three,  10“*;  and  three, 
10“®.  The  actual  dosage  in  numbers  of  bacilli  was  calculated  from  counts  of 
the  dilution  plates. 
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On  the  following  day  the  plates  were  tested  for  type  specificity  and  purity. 
The  mice  placed  in  individual  jars  were  observed  for  a  period  of  2  months,  and 
those  dying  were  autopsied  and  cultures  were  made  from  the  spleen,  heart’s 
blood,  and  intestines.  The  types  and  relative  numbers  of  B.  enteritidis  colonies 
were  determined  by  inspection,  sugar  fermentation,  agglutinability  in  specific 
sera,  and  lysis  in  bacteriophage-containing  broth. 

The  dilution  plates  of  each  culture,  after  24  hours  incubation, 
showed  type-specific  and  pure  colonies.  Text-fig.  6  shows  the  results 


S-  supvivor 

Text-Fig.  6.  Relative  mortality  of  mice  given  smooth,  mucoid,  and  rough 
strains  of  B.  enteritidis.  Intraperitoneal  titrations.  Experiment  5. 

of  the  intraperitoneal  titrations.  A  dose  of  about  138,000,000  of 
each  culture,  except  the  SR  1,  killed  in  1  day — the  mice  given  this 
SR  1  strain  showed  an  average  survival  time  of  3^  days.  A  dose  of 
about  1,382,000  killed  the  three  mice  given  the  SS  1  culture  in  an 
average  time  of  3  days.  Those  given  the  RR  1,  MR  1,  and  MS  1 
cultures  survived  on  an  average  of  3,  5,  and  6  days,  respectively. 
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The  three  mice  receiving  the  SR  1  culture  in  this  dilution  survived. 
A  dose  of  about  138,200  bacilli  killed  the  SS  1  group  in  an  average  time 
of  4  days;  the  RR  1  group  in  5  days,  and  the  RS  1  group  in  19  days. 
Those  receiving  the  MS  1,  MR  1,  and  SR  1  cultures  survived.  The 
average  surviving  time  of  mice  receiving  13,820  of  the  SS  1  bacilli 
was  8  days;  that  of  a  similar  dose  of  the  RR  1  bacilli,  7  days,  and  of  the 
RS  1  bacilli,  15  days.  This  dosage  of  MS  1,  SR  1,  and  MR  1  was 
not  fatal.  The  titration  indicates,  therefore,  that  the  SS  1  culture, 
when  injected  intraperitoneally  into  mice,  is  highly  virulent,  and  that 
its  variants,  with  the  exception  of  the  RR  1  strain,  are  of  low  patho¬ 
genicity. 

At  autopsy  mice  receiving  the  RR  cultures  showed,  instead  of  RR 
colonies,  the  original  smooth-susceptible  forms  in  large  numbers. 
Mice  from  the  other  groups  showed  only  type-specific  colonies. 

The  results  of  the  per  os  inoculations  are  shown  in  Text-fig.  7, 
and  the  autopsy  protocols  in  Table  IV.  The  total  specific  mortality 
of  the  various  SS  cultures  varied  between  85  and  100  per  cent;  that  of 
the  MS  cultures  between  50  and  100  per  cent;  of  the  RS  cultures  45 
per  cent;  the  SR  cultures  10  per  cent;  the  MR  cultures  65  per  cent;  and 
the  RR  cultures  100  per  cent.  85  per  cent  of  the  mice  receiving  the 
SS  1  culture  succumbed  and  showed  on  agar  plate  cultures  from  the 
various  organisms  typical  smooth  colonies  of  B.  enteritidis.  90  per 
cent  of  the  mice  receiving  the  SS  3  culture  succumbed.  All  of  these 
animals  showed  smooth-susceptible  colonies  on  the  cultures  taken  at 
autopsy.  85  per  cent  of  the  SS  4  group  died.  From  these  smooth- 
susceptible  colonies  alone  were  obtained.  100  per  cent  of  the  SS  5 
group  died.  Smooth-susceptible  colonies  were  recovered  from  all. 
90  per  cent  of  the  SS  6  group  succumbed.  From  these  smooth-sus¬ 
ceptible  colonies  were  obtained.  Thus  it  is  evident  that  the  reverted, 
smooth-susceptible  forms  coming  from  the  phage-resistant,  smooth, 
mucoid,  and  rough  variants  are  similar  in  virulence  to  the  original 
smooth-susceptible  strain.  90  per  cent  of  the  mice  receiving  the  MS 
1  culture  died.  Of  these  70  per  cent  showed  B.  enteritidis  cultures 
at  autopsy.  Fourteen  of  the  latter  showed  mucoid-susceptible  colonies 
in  pure  culture,  or  in  large  numbers.  From  two,  smooth-susceptible 
forms  were  likewise  obtained.  All  mice  receiving  the  MS  2  culture 
died  and  showed  on  the  agar  cultures  taken  from  various  organs 
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large  numbers  of  mucoid-susceptible  colonies.  From  four  animals, 
however,  smooth-susceptible  forms  were  cultured.  75  per  cent  of  the 
MSS  series  died.  Of  these  50  per  cent  showed  B,  enteritidis  colonies. 
In  nine  mucoid-susceptible  forms  were  obtained,  and  in  two  smooth- 
susceptible  forms.  The  effect  of  the  mucoid-susceptible  cultures, 
therefore,  appears  less  severe  than  that  of  the  smooth-susceptible  forms, 
and  colony  type  reversion  from  mucoid-  to  smooth-susceptible  note¬ 
worthy.  75  per  cent  of  the  mice  receiving  the  RS  culture  succumbed. 
From  45  per  cent  rough-susceptible  colonies  were  obtained  in  pure 

TABLE  IV. 

Relative  Virulence  of  Smooth,  Mucoid,  atid  Rough  Strains  of  B.  enteritidis. 


Experiment  5. 


No.  of  mice 
injected 

Colony 
type  of  cul¬ 
ture 
injected 

Mortality 

“Specific 

”  deaths 

Results  of  autopsy  cultures: 
colony  types 

No. 

Per  cent 

No. 

Per  cent 

20 

SS-1 

85 

17 

85 

Smooth  17 

20 

SS-3 

90 

■■ 

90 

“  18 

20 

SS-4 

WM 

85 

85 

“  17 

20 

SS-5 

20 

100 

20 

100 

“  20 

20 

SS-6 

18 

90 

18 

90 

“  18 

20 

MS-1 

18 

90 

14 

70 

Mucoid  14;  smooth  2 

20 

MS-2 

20 

100 

20 

100 

“  20;  “  4 

20 

MS-3 

15 

75 

10 

50 

“  9;  “  2 

20 

RS 

15 

75 

9 

45 

Rough  9 

20 

SR 

mm 

35 

2 

10 

Smooth-resistant  2 

20 

MR 

m 

85 

13 

65 

Mucoid-resistant  12; 
smooth-resistant  4 

20 

RR 

o 

100 

20 

100 

Smooth  20 

culture.  Seven  of  the  smooth-resistant  group  died,  two  of  which 
showed  pure  cultures  of  smooth-resistant  B.  enteritidis  colonies.  85 
per  cent  of  the  mucoid-resistant  group  died,  65  per  cent  with  positive 
cultures  of  B.  enteritidis.  From  these  latter  mucoid-resistant  colonies 
were  found  in  twelve,  and  smooth-resistant  in  two.  All  the  mice 
receiving  the  rough-resistant  culture  died,  and  from  each  animal 
smooth-susceptible  forms  were  obtained  in  pure  culture.  Thus  it  is 
seen  that  the  rough-susceptible  and  mucoid-resistant  forms  are  of  com¬ 
paratively  low  virulence,  and  that  the  smooth-resistant  form  is  per- 
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haps  of  lowest  pathogenicity.  The  fact  that  the  rough-resistant  cul¬ 
ture  reverted  to  smooth-susceptible  in  the  tissues  of  the  mice  makes 
this  particular  titration  of  no  value,  except  to  show  the  comparative 
instability  of  this  colony  type. 

The  results  of  the  several  titrations  (Experiments  1  to  5)  bring 
out  the  following  facts:  (1)  The  virulence  of  type-pure,  smooth- 
susceptible  cultures  was  similar  and  relatively  high.  Single  cell 
strains  fresh  from  mice,  or  preserved  at  4°C.  for  more  than  2  years,  or 
recovered  from  so  called  “reverted  variants”  after  broth  or  mouse 

TABLE  V. 

Iniraper  itoneal  Injections  of  Bacteria  from  Smooth-Susceptible  and  Smooth-Resistant 

Colonies. 

Experiment  6. 


Alter 

injec¬ 

tion 

Group  receiving  smooth-susceptible  organisms 

Group  receiving  smooth-resistant 
organisms 

Mouse  1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

hrs. 

1 

+  +  + 

+  +  + 

+  +  + 

+++ 

+  +  +  + 

+  +  + 

0 

0 

0 

0 

+ 

0 

2 

+  +  + 

+  +  + 

+  +  + 

+++ 

+  + 

+  +  +  + 

0 

0 

0 

0 

0 

4 

+  -f- 

+  +  + 

00 

00 

+  +  +  + 

00 

0 

++ 

0 

0 

0 

0 

6 

-1-1-1-  + 

+  + 

+ 

+++ 

+  + 

00 

0 

0 

0 

0 

0 

0 

24 

0 

+  +  + 

0 

+++ 

+  + 

00 

0 

0 

0 

0 

0 

0 

48 

Dead 

Dead 

72 

Dead 

Dead 

Dead 

96 

Dead 

s 

s 

s 

s 

s 

s 

+  =  1-10  colonies  per  drop;  -f-f  =  10-20  colonies  per  drop;  =  20- 

50  colonies  per  drop;  =  100  colonies  per  drop;  «>  =  100 -f-  colonies 

per  drop. 

S  =  surviving  and  well. 

passage,  behaved  essentially  alike.  Under  the  conditions  of  the  experi¬ 
ments,  little  colony  type  variation  of  the  smooth-susceptible  type  oc¬ 
curred  in  vivo.  (2)  The  mucoid-susceptible  variant  proved  somewhat 
less  virulent  and  tended  to  revert  to  the  original  smooth-susceptible 
form.  The  rough-susceptible  and  mucoid-resistant  variants  behaved 
in  essentially  the  same  manner.  (3)  The  smooth-resistant  forms  were 
of  very  low  virulence,  and  more  stable  in  the  tissues  of  the  mouse  than 
the  other  variants.  (4)  Finally,  the  rough-resistant  variant,  when 
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t}^e-pure,  was  likewise  of  relatively  low  virulence,  but  showed  a 
marked  tendency  in  vivo  to  revert  to  the  original  smooth-susceptible 
form. 

The  titrations  described  above  indicate  that  the  greatest  differences 
in  virulence  occur  between  strains  from  bacteriophage-susceptible  and 
bacteriophage-resistant  colonies.  An  attempt  was  made  to  deter¬ 
mine  the  cause  of  the  reduced  virulence  on  the  part  of  the  strains  from 
bacteriophage-resistant  colonies. 

Experiment  6. — Single  cell  cultures  of  smooth-susceptible  and  smooth  resistant 
strains  of  No.  1  were  taken  from  the  stock  slant  and  grown  18  hours  in  broth. 
Each  was  then  diluted  1 : 1000  in  broth  and  1  cc.  given  intraperitoneally  to  six 
mice.  This  dosage  determined  by  the  dilution  method  proved  to  be  850,000 
organisms  of  the  smooth-susceptible  culture  and  1 ,250,000  of  the  smooth-resistant. 
Immediately  after  injection,  and  at  1,  2,  4,  6,  and  24  hours  thereafter,  each 
mouse’s  peritoneal  cavity  was  aspirated  by  means  of  a  short,  beveled  No.  24 
syringe  needle,  and  1  drop  of  the  exudate  spread  over  the  surface  of  agar  plates. 
The  number  of  colonies  resultmg  and  the  fate  of  the  two  groups  of  mice  are 
shown  in  Table  V. 

1  hour  after  injection,  all  mice  receiving  the  smooth-susceptible 
culture  showed  more  than  100  colonies  per  drop  on  the  plates.  One 
mouse  of  the  smooth-resistant  series  showed  about  ten  colonies;  the 
rest  were  negative.  Later  the  bacteria  increased  rapidly  in  the  exu¬ 
date  of  the  first  group,  while  in  the  smooth-resistant  group,  cultures 
remained  sterile.  All  smooth-susceptible  mice  were  dead  within  3 
days;  those  receiving  the  smooth-resistant  organisms  survived  and 
appeared  in  good  health  at  the  end  of  3  weeks. 

This  test  shows  that  the  smooth-susceptible  bacteria  multiplied 
in  the  peritoneal  cavity  of  the  host  and  that  the  smooth-resistant  forms 
did  not.  In  fact,  other  tests  indicated  that  within  f  hour  after  injec¬ 
tion  the  smooth-resistant  organisms  had  practically  disappeared  from 
the  peritoneal  exudate.  Hence,  one  may  infer  that  the  same  events 
occur  when  the  bacilli  are  given  by  the  normal  portal  of  entry,  and 
may  interpret  the  negative  stool  cultures  and  negative  autopsy  cul¬ 
tures  of  the  preceding  titrations  as  being  due  to  the  fact  that  the  vari¬ 
ant  type  bacteria  did  not  survive  in  the  intestinal  tract  or  the  tissues 
of  the  host. 

A  final  experiment  was  planned  to  test  the  possibility  of  altering  the 
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virulence  of  smooth-susceptible  cells  by  merely  placing  them  in  contact 
with  bacteriophage. 

Experiment  7. — ^The  preliminary  control  tests  were  carried  out  as  described 
in  the  previous  paper.^  A  single  cell  culture  of  smooth-susceptible  strain 
No.  1  was  grown  18  hours  in  broth,  washed  four  times  in  distilled  water,  and 
resuspended  in  0.2  per  cent  dibasic  sodium  phosphate.  A  uniform  suspen¬ 
sion  was  made  to  contain  about  500,000,000  per  cc.  27  cc.  was  placed  in  contact 
with  3  cc.  concentrated  bacteriophage  in  broth,  27  cc.  in  another  flask  with  3  cc. 

TABLE  VI. 

Titration  of  Bacteriophage  Present  after  Contact  with  Smooth-Susceptible  Cells 

at  4°C. 


Dilution  of  suspension 
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1 

T 
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H 
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o 

Control 

Bacteria  plus 
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phage  . 

1 

0 

0 

0 

j 

0 

0 

+ 

+++ 

+++ 

+++ 

+  -t-  + 

0  =  no  growth  at  6  hours;  -f  =  slight  growth  at  6  hours;  -f  -}-  =  moderate 
growth  at  6  hours;  ■+-  -h  -f  abundant  growth  at  6  hours. 


TABLE  VII. 

Acid  Agglutination  of  Organisms  in  Contact  with  Bacteriophage  at  4°C. 


Suspension 

pH 

2.4 

3.01 

3.18 

3.53 

4.03 

4.25 
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5.01 

5.31 
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0 
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0 

0 

0 

0 

of  broth,  and  in  a  third  flask,  27  cc.  of  phosphate  was  added  to  3  cc.  of  bacterio¬ 
phage.  The  three  flasks  were  then  kept  at  4°C.  for  16  hours.  Bacterial  counts 
before  and  after  this  treatment  showed  that  no  multiplication  had  occurred. 

The  two  suspensions  of  bacteria  plus  bacteriophage  and  broth  were  then 
centrifuged  and  the  supernatant  filtered  and  tested,  together  with  the  phosphate- 
phage  control  for  the  presence  of  bacteriophage.  The  sedimented  organisms  were 


^Webster  and  Burn,  Paper  III,  p.  880. 
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washed  four  times  m  distilled  water,  tested  for  acid  agglutinability  in  buffers, 
for  lysis  in  broth,  and  injected  intraperitoneally  into  mice.  Ten  mice  were  given 
12,000,000  of  the  smooth-susceptible  bacteriophage  organisms,  and  ten  120,000; 
ten  received  10,000,000  smooth-susceptible  control  organisms,  and  ten  100,000. 
Peritoneal  aspirations  were  made  at  2  and  24  hours.  The  results  are  shown  in 
Tables  VI,  VII,  and  VUI. 

The  titre  of  the  bacteriophage-phosphate  control  proved  to  be  10“'^, 
while  that  of  the  supernatant  in  contact  with  the  smooth-susceptible 
organisms  w'as  10“^  (Table  VI).  Thus,  there  was  evidence  that  bac¬ 
teriophage  had  been  adsorbed  by  the  smooth-susceptible  cells  at  4°C. 
(previous  paper).  These  cells  agglutinated  at  pH  3.5  to  4.03  in  acid 
buffers,  while  the  control  suspension  did  not  (previous  paper)  (Table 
VII).  Finally,  aspirations  made  from  mice  receiving  the  smooth- 
susceptible  broth  control  cultures  showed  that  multiplication  in  vivo 
had  occurred,  while  those  from  mice  receiving  the  smooth-susceptible 
bacteriophage  cultures  showed  no  multiplication,  and  after  24  hours 
no  survival  of  the  bacteria.  Only  one  of  these  latter  mice  died,  while 
all  of  the  former,  10,000,000  group,  died  within  4  days,  and  the  100,000 
group  in  7  days  (Table  VIII).  Suspensions  transferred  to  broth  did 
not  undergo  lysis;  probably,  therefore,  they  did  not  lyse  in  vivo. 

This  experiment  indicates,  therefore,  that  bacteriophage,  presumably 
by  coating  the  surface  of  smooth-susceptible  cells,  prevents  multipli¬ 
cation  in  the  tissues  of  the  animal  and  therefore  renders  the  organisms 
practically  non-virulent.  The  per  os  inoculation  tests,  in  which  it  was 
found  that  the  bacteriophage-resistant  variant  colony  strains  given  by 
the  normal  portal  of  entry  did  not  survive  within  the  organism,  are 
probably  to  be  explained  in  the  same  way. 

DISCUSSION. 

The  virulence  titrations  of  B.  enteritidis  described  in  this  paper 
have  been  rigidly  controlled;  in  most  instances,  single  cell  strains  were 
used.  They  show  definitely  that  cultures  from  mucoid  and  rough 
bacteriophage-resistant  colonies  are  less  virulent  than  those  from  the 
typical  smooth-susceptible  colonies.  The  results  agree  with  those  of 
Arkwright  (3),  Topley  (4),  Bronfenbrenner,  Muckenfuss,  and  Korb(5), 
Jordan  (6),  Goyle  (7),  and  others  who  have  studied  the  paratyphoid- 
enteritidis  group,  but  are  distinctly  at  variance  with  d’Herelle’s  (8) 
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statements  that  cultures  from  resistant  colonies  are  of  greater  patho¬ 
genicity  than  those  from  the  typical  smooth  type  colony.  Further¬ 
more,  the  tests  indicate  that  type-pure  cultures  from  the  common 
smooth  colonies  are  of  similar  virulence,  whether  obtained  from  mice 
in  epidemic  or  endemic  periods,  or  from  stock  agar  slants  kept  for  2 
years  at  4°C.  In  this  respect,  the  results  agree  in  general  with  those 
of  Smith  and  Nelson  (9)  as  well  as  with  our  own  earlier  work  with 
mouse  paratyphoid  {B.  pestis  covise)  (1,  b),  and  rabbit  pasteurella 
organisms  (Bact.  lepisepticum)  (1,  e).  Topley  and  his  associates  (10), 
on  the  other  hand,  consider  that  the  virulence  of  smooth  type  cul¬ 
tures  of  mouse  typhoid  bacilli  fluctuates  to  a  significant  dep’-ee. 
Finally,  we  have  showm  that  the  loss  of  virulence  of  variant  strains 
from  smooth-,  mucoid-,  and  rough-resistant  colonies  is  due  to  the  fact 
that  they  do  not  multiply  in  the  tissues  of  the  host,  and  we  have 
suggested  the  possibility  that  this  inability  to  grow  is  due  to  a 
coating  of  the  bacilli  by  bacteriophage. 

The  data  contained  in  three  papers  of  this  series  (II,  III,  IV)  show 
clearly  that  the  colony  type  transformation  from  smooth  to  mucoid 
and  rough  is  reversible;  accordingly  they  agree  with  the  results  of 
Jordan  (6).  It  must  be  noted,  however,  that  in  this  respect  the 
intestinal  group  of  bacteria  appears  to  differ  from  bacteria  of  the 
respiratory  tract.  For  example,  Bact.  lepisepticum^  B.  friedlanderi, 
Bact.  diphtherise,  and  streptococci  change  from  smooth  to  rough, 
but  as  yet  no  dem.onstration  of  the  reverse  transformation  from 
rough  to  smooth  has  been  made.  The  nature  of  the  change  is  not 
known;  in  the  case  of  B.  enteritidis  mouse  typhoid  organisms,  it 
seems  to  be  acquired  rather  than  hereditary;  while  the  transforma¬ 
tions  of  the  respiratory  tract  organisms  mentioned  above  appear  rela¬ 
tively  permanent.  However,  the  term  “mutation”  is  not  justifiable 
(d’Herelle),  nor  does  the  “life-cycle”  theory  (Hadley)  find  support  in 
our  own  experimental  observations.  At  present,  therefore,  two 
general  types  of  transformation  may  be  recognized:  the  relatively 
permanent  changes  associated  with  organisms  of  the  respiratory  tract 
and  the  easily  reversible  changes  of  intestinal  tract  bacteria,  where 
temperature,  characteristics  of  medium,  and  presence  of  bacterio¬ 
phage  appear  to  determine  the  process.  A  final  and  complete  explana¬ 
tion,  however,  must  await  further  experimental  observations. 
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The  importance  of  bacterial  transformations  in  determining  the 
amount  and  severity  of  disease  is,  we  believe,  relatively  slight.  And 
this  despite  the  following  facts:  (1)  that  variants  of  low  virulence 
may  be  derived  experimentally  under  conditions  similar  to  those  pre¬ 
vailing  in  nature  and  that  they  revert  again  to  the  original  virulent 
forms;  (2)  that  some  of  these  variants  are  known  to  exist  “naturally;” 
and  (3)  that  these  variants  may  possibly  revert  in  nature  to  the  forms 
of  high  pathogenicity.  Far  more  significant  is  the  fact  that  these 
variant  strains  are  neither  common  nor  abundant  in  nature  and  that 
the  smooth  type  colony  is  generally  known  to  prevail  during  all  phases 
of  disease,  endemic  and  epidemic.  Our  own  studies  of  experimentally 
induced  epidemics  are  confirming  this  belief  amply  and  demonstrating 
besides  that  the  virulence  of  these  common  smooth  type  colony  cul¬ 
tures  is  at  all  times  relatively  constant. 

CONCLUSIONS. 

1.  Single  cell  mouse  strains  of  B.  enteritidis  from  smooth-susceptible 
colonies  were,  under  the  various  conditions  tested,  of  the  same  high 
degree  of  virulence.  2  year  old  cultures,  strains  obtained  both  in 
interepidemic  and  epidemic  periods,  and  “reverted”  strains  from  var¬ 
iant  colonies  showed  the  same  degree  of  pathogenicity. 

2.  Single  cell  strains  from  variant  smooth,  mucoid,  and  rough  phage- 
resistant  colonies  were  definitely  less  virulent  than  the  usual  smooth- 
susceptible  strains.  The  loss  of  virulence  in  each  instance  resulted 
apparently  from  contact  with  bacteriophage  which  rendered  the  indi¬ 
vidual  cells  incapable  of  multiplication  in  the  animal  tissues. 

3.  A  reduction  of  virulence  was  induced  experimentally  when  washed 
cultures  of  the  highly  pathogenic  smooth-susceptible  cells  were  exposed 
to  bacteriophage  and  thus  rendered  incapable  of  multiplication  in  the 
inoculated  animals. 
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STUDIES  ON  BACTERIAL  ENZYMES. 

VI.  The  Maltase  of  the  Diphtheria  Bacillus. 

By  JOHN  Y.  SUGG,  WILLIAM  L.  FLEMING,  and  JAMES  M.  NEILL,  Ph.D. 

{From  the  Department  of  Bacteriology  and  Immunology,  Vanderbilt  University 
Medical  School,  Nashville.) 

(Received  for  publication,  August  29,  1927.) 

INTRODUCTION. 

It  is  important  to  obtain  knowledge  of  the  mechanism  of  maltose 
fermentation  by  the  diphtheria  bacillus  since  the  test  for  acid  produc¬ 
tion  from  this  sugar  is  one  of  the  means  employed  in  distinguishing  the 
true  etiologic  agent  of  diphtheria  from  certain  other  morphologically 
similar  but  non-pathogenic  bacilli.  Previous  demonstrations  (1-6) 
of  the  carbohydrate-hydrolyzing  enzymes  of  pneumococci,  meningo¬ 
cocci,  botulinus  and  Welch  bacilli  (1-6)  have  proved  that  the  activity 
of  these  enzymes  is  independent  of  the  presence  of  the  living  or  formed 
bacterial  cell,  and  at  the  same  time  have  furnished  indirect  evidence 
that  these  particular  bacteria  do  not  attack  higher  carbohydrates 
without  preliminary  hydrolysis.  However,  since  different  species  of 
bacteria  may  form  entirely  different  products  from  the  fermentation 
of  the  same  sugar  (4),  it  is  desirable  to  obtain  experimental  evidence 
of  the  carbohydrate-hydrolyzing  enzymes  of  important  species  of  bac¬ 
teria  rather  than  to  assume  their  presence  from  the  simple  observation 
of  acid  or  gas  production  by  living  cultures. 

In  the  present  investigation,  experiments  were  made  to  detennine 
whether  or  not  sterile  solutions  of  the  intracellular  substances  of 
diphtheria  bacilli  possess  the  property  of  hydrolyzing  maltose.  The 
bacterial  solutions  were  filtered  through  Berkefeld  candles  after  physi¬ 
cal  disintegration  of  the  bacilli  by  repeated  freezing  and  thawing,  and 
hence  were  devoid  of  cell  fragments  as  well  as  free  from  living 
bacteria. 
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EXPERIMENTAL. 

Methods. 

Preparation  of  Diphtheria  Bacillus  Enzyme  Solutions. — The  enzyme  solution 
was  prepared  from  a  virulent  and  recently  isolated  strain  of  diphtheria  bacilli. 
The  procedure  was  essentially  the  same  as  that  employed  in  the  preparation  of 
solutions  of  other  bacteria  (meningococci,  pneumococci,  Welch  and  hoiulinus 
bacilli)  reported  in  previous  papers  of  this  series  (3-6). 

6  liters  of  an  18  hour  broth  culture  were  centrifuged,  and  concentrated  sus¬ 
pensions  of  the  bacilli  were  prepared  by  resuspending  the  bacterial  sediment 
from  each  250  cc.  of  culture  in  a  volume  of  approximately  5  cc.  Preliminary 
experiments  proved  that  diphtheria  bacilli  were  much  more  resistant  to  dis¬ 
integration  by  freezing  and  thawing  than  were  any  of  the  different  bacteria  from 
which  enzyme  solutions  had  been  prepared  in  the  previous  studies.  In  view  of 
the  difficulty  of  breaking  up  the  bacilli,  an  attempt  was  made  to  facilitate  the 
process  bj'^  suspending  the  bacteria  in  concentrated  salt  solution.  The  bacterial 
suspension  was  divided  into  three  portions,  and  the  different  lots  were  frozen  and 
thawed  under  the  following  conditions:  (1)  bacilli  suspended  in  the  broth  super¬ 
natant  of  the  original  culture,  (2)  bacilli  suspended  in  the  broth  supernatant  plus 
10  per  cent  NaCl,  (3)  bacilli  suspended  in  10  per  cent  salt  solution  without  broth. 
It  was  necessary  to  continue  the  freezing  and  thawmg  over  a  long  period  but  after 
the  process  had  been  repeated  between  300  and  400  times,  stained  films  revealed 
a  considerable  degree  of  morphological  disintegration  and  a  large  amount  of 
amorphous.  Gram-negative,  bacterial  substance.  Samples  of  the  suspension  of 
disintegrated  bacilli  were  then  centrifuged  at  high  speed  and  the  supernatant 
tested  for  dissolved  bacterial  protein  by  boiling,  in  order  to  avoid  the  danger  of 
filtering  the  solution  before  sufficient  bacterial  dissolution  had  occurred.  When 
the  tests  of  the  supernatant  fluids  showed  the  presence  of  coagulable  protein, 
the  entire  lot  of  the  bacterial  suspension  was  centrifuged  at  high  speed  for  1  hour 
to  remove  most  of  the  undissolved  bacterial  cells  and  detritus  before  filtering; 
the  centrifuged  supernatants  were  then  passed  through  a  sterile  Berkefeld  filter. 

The  filtered  bacterial  solutions  were  perfectly  clear  and  were  indistinguishable 
in  appearance  from  the  medium  in  which  the  bacilli  had  originally  been  suspended 
(broth  and  salt  solution,  respectively).  The  presence  of  a  considerable  amount 
of  dissolved  bacterial  protein  derived  from  the  disintegrated  diphtheria  bacilli 
was  indicated  by  the  heavy  precipitation  of  coagulated  protein  when  the  solu¬ 
tions  were  boiled.  So  far  as  could  be  detected  either  by  this  test  or  by  micro¬ 
scopic  examination  of  the  stained  films,  the  addition  of  10  per  cent  salt  did  not 
facilitate  the  dis  upture  of  the  bacillary  bodies.  But  the  boiling  test  showed  that 
the  solutions  prepared  from  the  bacteria  suspended  in  broth  contained  more  dis¬ 
solved  protein  than  did  the  solution  prepared  from  the  bacteria  suspended  in  salt 
solution  alone.  Apparently,  the  presence  of  broth  either  facilitates  the  dis¬ 
solution  of  the  bacterial  cells  or  renders  the  liberated  bacterial  substances  more 
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soluble,  for  it  has  been  our  experience  with  other  bacteria  (4-6)  that  the  most 
active  and  potent  preparations  are  obtained  when  broth  is  used  as  the  suspension 
medium. 

Sterility  Controls. — No  antiseptics  were  used;  the  sterility  of  each  enzyme- 
substrate  mixture  was  controlled  by  cultural  methods. 

Substrates. — 20  per  cent  solutions  of  the  test  sugars  were  boiled  for  20  minutes, 
and  then  added  aseptically  to  sterile  0.1  M  phosphate  solution  (pH  6.9)  in  amount 
sufficient  to  give  a  final  concentration  of  4.0  per  cent.  The  final  sugar  solutions 
were  distributed  into  sterile  Pyrex  tubes  for  use  in  the  enzyme  experiments. 

Test  of  Disaccharide-Hydrolyzing  Activity  of  Sterile  Solutions 
of  Diphtheria  Bacterial  Substances. 

Living  cultures  of  the  strain  from  which  the  sterile  bacterial  solu¬ 
tion  was  prepared,  possessed  the  usual  (7)  carbohydrate-fermenting 
properties  of  diphtheria  bacilli,  fermenting  the  common  hexoses  and 
maltose,  but  not  forming  detectable  amounts  of  acid  from  either 
sucrose  or  lactose.  In  the  following  experiment,  tests  were  made  to 
determine  whether  or  not  the  sterile  solution  prepared  from  the  intra¬ 
cellular  substances  of  the  diphtheria  bacilli  possessed  the  property  of 
hydrolyzing  maltose.  Tests  were  included  with  sucrose  as  represent¬ 
ing  a  disaccharide  not  fermented  by  living  diphtheria  bacilli  and  also 
with  lactose  as  representing  a  disaccharide  which  sometimes  gives 
equivocal  results  in  fermentation  tests  with  some  strains  of  the  living 
bacilli  (7).  Since  living  cultures  of  diphtheria  bacilli  produce  acid 
from  glucose  and  from  the  other  hexoses  yielded  in  the  hydrolysis  of 
the  disaccharides,  tests  were  also  made  to  determine  whether  or  not 
the  sterile  enzyme  solution  possessed  the  property  of  acid  formation 
from  hexoses. 

Hydrolysis  Mixtures. — 2  cc.  portions  of  sterile,  4  per  cent  solutions  of  maltose, 
lactose  and  sucrose  were  distributed  into  three  series  of  sterile  Pyrex  test-tubes, 
and  1 .0  cc.  of  the  sterile  diphtheria  bacterial  solution  was  added  to  one  tube  of  each 
of  the  substrates.  A  second  series  was  prepared  to  serve  as  controls  of  the  heat 
lability  of  the  hydrolyzing  enzymes  by  adding  the  same  amount  of  heat-inacti¬ 
vated  (boiled)  bacterial  extract  to  each  substrate.  All  of  the  mixtures  were  in¬ 
cubated  at  37°C.  for  72  hours  and  then  tested  for  the  presence  of  hexoses. 

Detection  of  the  Hexose  Products  of  the  Enzyme  Action. — The  sucrose  series 
were  tested  for  reducing  sugars  with  Benedict’s  solution.  The  lactose  and 
maltose  hydrolysis  mixtures  (where  the  substrates  themselves  are  reducing  sugars) 
were  tested  for  hexoses  by  the  biological  method  described  in  detail  in  preceding 
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papers.  The  method  is  based  upon  the  acid  fermentation  of  the  hexoses  by 
bacteria  which  do  not  ferment  the  disaccharide  from  which  the  hexoses  are 
derived.  1  cc.  of  each  of  the  test,  and  of  the  control  hydrolysis  mixtures,  was 
put  into  a  series  of  sterile  Pyrex  test-tubes;  1  cc.  of  a  suspension  of  bacteria  which 
produce  acid  from  hexoses  but  which  do  not  attack  the  test  disaccharide  was 
then  added  to  the  different  tubes.  (An  atypical  strain  of  colon  bacilli  which  does 
not  attack  maltose  was  added  to  the  maltose  tests;  typhoid  bacilli  which  do  not 
attack  lactose  or  sucrose  were  used  for  the  lactose  and  sucrose  tests.) 


TABLE  I. 

Action  of  Diphtheria  Bacillus  Enzyme  Solution  upon  Maltose,  Lactose  and  Sucrose. 


Disaccharide  hydrolysis  by  diphtheria  bacillus  enzymes 

Action  of 
diphtheria 
bacillus 
enzymes  on 
hexose 
products 

Hydrolysis  mixture 

pH  after  action  of  bac¬ 
teria  used  as  ferment¬ 
ing  agents 

ips 

2  S'S  3 

•o'o2^ 

B*-  3  « 

'uB-S'S  2 

|gS-g.s 

J  S  o.^  & 
u 

a 

.2 

9 

•o 

2 

Q. 

3 

PB 

ApH* 

Maltose 

Active  diphtheria  bacterial  solution 

6.5 

1.1 

0 

Heat-inactivated  bacterial  solution 

7.6 

6.0 

0 

Sucrose 

Active  diphtheria  bacterial  solution 

7.6 

0.0 

0 

Heat-inactivated  bacterial  solution 

7.6 

0.0 

0 

Lactose 

Active  diphtheria  bacterial  solution 

7.6 

0.0 

0 

Heat-inactivated  bacterial  solution 

7.6 

0.0 

0 

*  ApH  indicates  change  (decrease)  in  pH. 


The  “fermentation  mixtures”  (equal  portions  of  hydrolysis  test  mixture  plus 
the  bacterial-fermenting  agent)  were  shaken,  incubated  in  the  water  bath  at  37°C. 
for  li  hours  and  then  centrifuged  at  high  speed  to  remove  the  bacteria.  Color¬ 
imetric  determinations  of  the  pH  of  the  clear  supernatant  fluids  were  made  to 
detect  the  production  of  acid.  That  the  changes  in  reaction  of  the  fermentation 
mixtures  were  limited  to  the  acid  produced  from  the  hexoses  previously  formed 
by  the  active  diphtheria  bacillus  enzyme  was  controlled  by  the  tests  on  the 
control  series  of  heat-inactivated  enzyme  plus  the  test  disaccharides. 
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Experiments  were  made  with  the  three  different  lots  of  diphtheria  bacterial 
solution  {i.e.  solutions  prepared  from  the  bacilli  suspended  in  broth  alone,  from 
bacilli  suspended  in  broth  plus  10  per  cent  NaCl  and  from  bacilli  suspended  in 
10  per  cent  NaCl  without  broth).  Only  quantitative  differences  were  obtained 
in  the  experiments  with  the  different  types  of  bacterial  solution,  and  the  results 
from  the  tests  with  the  enzyme  solution  prepared  from  the  bacilli  suspended  in 
broth  alone  are  summarized  in  Table  I. 

The  results  of  these  experiments  (Table  I)  show  that  the  sterile  solu¬ 
tion  of  the  diphtheria  bacterial  substances  contained  an  active  maltase 
which  is  heat-labile.  In  contrast  to  the  results  in  the  tests  of  the  mal¬ 
tose-enzyme  mixtures,  no  acid  was  formed  by  the  hexose-fermenting 
bacteria  when  added  to  the  previously  incubated  mixtures  of  diphtheria 
bacillus  enzymes  and  lactose  or  sucrose  solution;  this  fact  is  evidence 
that  the  sterile  bacterial  solution  contained  only  maltase  and  no  lac¬ 
tase  or  sucrase.  Thus,  the  carbohydrate-hydrolyzing  activity  of  the 
solution  prepared  from  the  cellular  substances  of  diphtheria  bacilli 
is  parallel  to  the  fermenting  activity  of  cultures  of  the  living  bacteria, 
maltose  being  the  only  disaccharide  hydrolyzed  by  the  bacterial  solu¬ 
tion  just  as  maltose  is  the  only  disaccharide  from  which  living  diph¬ 
theria  bacilli  can  produce  acid.  These  results  indicate  that  the  acid 
fermentation  of  higher  carbohydrates  by  diphtheria  bacilli  depends 
upon  the  presence  of  a  hydrolyzing  enzyme  to  split  the  specific  carbo¬ 
hydrate  to  hexose  constituents. 

It  is  also  shown  in  Table  I  that  the  diphtheria  bacillus  enzyme  solu¬ 
tion  which  hydrolyzes  maltose,  is  devoid  of  the  property  of  forming 
acid  from  the  hexose  products  of  hydrolysis.  Living  diphtheria  bac¬ 
teria  actively  ferment  glucose  and  the  failure  of  the  sterile  bacterial 
solution  to  possess  the  acid-forming  property  of  the  living  bacilli  is 
in  contrast  to  its  retention  of  the  original  carbohydrate-hydrolyzing 
activity  of  the  living  bacteria.  The  retention  of  the  carbohydrate¬ 
hydrolyzing  activity  by  sterile  solutions  of  the  bacterial  substances 
of  diphtheria  bacilli  and  the  loss  of  the  hexose-fermenting  activity, 
is  the  same  phenomenon  which  has  been  evident  in  the  similar  studies 
of  pneumococci,  meningococci,  Welch  and  botulinus  bacilli  (3-6). 
While  the  activity  of  the  hydrolyzing  enzymes  is  apparently  quite 
independent  of  the  presence  of  the  living  or  formed  bacterial  cell,  the 
production  of  acid  from  hexoses  seems  to  be  more  intimately  asso¬ 
ciated  with  the  morphological  integrity  of  the  bacteria. 
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Endocellular  Nature  of  the  Maltase  of  the  Diphtheria  Bacillus. 

The  prexious  demonstration  of  the  diphtheria  bacillus  maltase  was 
made  with  solutions  of  the  bacterial  substances  prepared  from  the 
bacilli  suspended  in  salt  solution  alone,  as  well  as  with  solutions  pre¬ 
pared  from  bacilli  suspended  in  the  supernatant  fluid  of  broth  cultures. 
Since  the  bacterial  extracts  prepared  from  the  bacilli  suspended  in 
salt  solution  contained  none  of  the  exocellular  substances  liberated  in 
the  culture  medium  during  growth,  the  presence  of  an  active  maltase 
in  this  type  of  bacterial  solution  is  in  itself  evidence  that  the  maltase 
is  an  intracellular  derivative  of  the  diphtheria  bacillus.  In  order  to 
show  more  definitely  that  the  maltase  is  not  also  an  exocellular  prod¬ 
uct  set  free  during  growth  of  the  bacilli,  comparative  tests  were  made 
of  the  maltose-hydrol)^zing  activity  of  filtrates  of  broth  cultures  and  of 
solutions  of  the  intracellular  substances. 

These  tests  were  made  by  the  same  procedure  as  described  for  the 
previous  experiment.  The  results  showed  that  while  the  solution  of 
intracellular  substances  of  the  bacilli  hydrolyzed  maltose,  the  filtrate 
of  the  young  broth  culture  which  contained  only  extracellular  products 
was  devoid  of  maltose-hydrolyzing  activity.  Thus,  the  maltase  of 
the  diphtheria  bacillus  is  an  endocellular  constituent  of  the  diphtheria 
bacillus,  agreeing  in  respect  to  its  intracellular  nature  with  the  carbo¬ 
hydrate-hydrolyzing  enzymes  of  meningococci,  pneumococci,  botulinus 
and  Welch  bacilli  (1-6). 


COMMENT. 

The  preceding  experiments  have  demonstrated  that  diphtheria 
bacilli  possess  a  maltose-splitting  enzyme  which  remains  operative  in 
sterile,  filtered  solutions  of  the  intracellular  substances  which  can  be 
liberated  by  physical  disintegration  of  the  bacterial  cells.  Since  it  is 
of  endocellular  origin,  the  maltase  represents  a  heat-labile  constituent 
of  the  diphtheria  bacillus  cell.  The  demonstration  of  the  active  mal¬ 
tose-hydrolyzing  enzyme  is  of  interest  from  two  different  points  of 
view. 

First,  experimental  proof  of  the  maltase  adds  to  the  knowledge  of 
the  mechanism  of  carbohydrate  fermentation  by  the  diphtheria  bacil¬ 
lus.  The  fact  that  the  sterile  bacterial  solution  contains  a  maltase  but 
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no  lactase  nor  sucrase  is  in  agreement  with  the  fact  that  the  living 
bacilli  ferment  maltose  but  no  other  disaccharide,  and  indicates  that  the 
production  of  acid  from  disaccharides  by  diphtheria  bacilli  depends 
upon  the  possession  of  a  hydrolase  to  split  the  specific  disaccharide  to 
its  fermentable  hexose  constituents.  Living  diphtheria  bacilli  actively 
ferment  glucose  but  the  sterile  bacterial  solution  although  it  hydro¬ 
lyzes  maltose  is  devoid  of  the  property  of  forming  acid  from  the  glucose 
products.  These  relations  are  analogous  to  those  previously  found 
(1-6)  with  pneumococci,  meningococci,  Welch  and  hotulinus  bacilli, 
and  indicate  that  the  fermentation  of  maltose  by  the  living  diphtheria 
bacillus  involves  two  separate  sets  of  reactions:  (1)  hydrolysis,  (2) 
fermentation  of,  or  acid  production  from,  the  hexose  products;  only 
the  first  reaction  being  independent  of  the  presence  of  the  living  or 
formed  bacterial  cell. 

Maltase  is  one  of  the  most  labile  of  the  known  constituents  of  bac¬ 
terial  cells  and  would  be  inactivated  if  drastic  methods  were  employed 
to  disintegrate  the  cells.  Hence  the  fact  that  maltase  can  be  obtained 
in  an  active  state  in  the  sterile  solutions  of  the  intracellular  substances 
of  diphtheria  bacilli  is  also  of  interest  as  proof  of  the  possibility  of 
preparing  solutions  or  extracts  of  the  endocellular  constituents  of 
these  bacteria  without  loss  of  their  original  activity.  In  the  prepara¬ 
tion  of  the  sterile  solutions  of  diphtheria  bacilli  reported  in  this  paper 
the  bacterial  cells  were  disrupted  simply  by  repeated  freezing  and 
thawing,  which  would  be  expected  to  yield  the  intracellular  substances 
in  more  nearly  the  original  condition  in  which  they  exist  in  the  living 
bacilli  than  in  preparations  obtained  by  dissolving  the  bacteria  in 
alkali.  However,  in  order  to  obtain  active  preparations  containing 
the  desired  amount  of  dissolved  bacterial  substance  (protein)  it  is 
necessary  to  repeat  the  freezing  and  thawing  process  300  to  400  times, 
since  diphtheria  bacilli  are  much  more  resistant  to  disintegration  by 
freezing  and  thawing  than  are  the  bacteria  studied  in  previous  inves¬ 
tigations  (1-6).  Xerosis  bacilli  are  even  more  resistant  to  this  treat¬ 
ment  than  are  diphtheria  bacilli,  and  we  have  been  unable  to  obtain 
satisfactory  solutions  of  their  intracellular  substances  by  freezing 
and  thawing  suspensions  of  these  bacteria.  The  diphtheria  bacillus 
solutions  contain  sufficient  dissolved  bacterial  protein  to  be  used  in 
imununological  studies,  and  are  being  employed  for  that  purpose  in 
investigations  to  be  reported  in  later  papers. 
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SUMMARY. 

Diphtheria  bacilli  possess  a  heat-labile,  endocellular  maltase,  which 
retains  its  activity  in  sterile  solutions  of  the  intracellular  substances 
which  are  liberated  by  physical  disintegration  of  the  bacterial  cells. 
The  proof  of  the  maltase  activity  and  the  detection  of  the  hexose 
products  constitute  experimental  e\ddence  that  the  living  diphtheria 
bacillus  attacks  maltose  by  way  of  a  preliminary  hydrolysis. 
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STUDIES  ON  THE  RELATION  BETWEEN  TUMOR  SUS¬ 
CEPTIBILITY  AND  HEREDITY. 


IV.  The  Inheritance  of  Susceptibility  to  Tar-Induced  Tumors 
IN  THE  Lungs  of  Mice. 

By  CLARA  J.  LYNCH,  Ph.D. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research^ 
(Received  for  publication,  July  29,  1927.) 

Previous  communications  from  this  laboratory  have  provided 
evidence  in  favor  of  the  theory  that  susceptibility  to  tumors  of  the 
mammary  gland  (1)  and  tumors  of  the  lung  (2)  is  inherited.  This 
evidence  is  based  upon  observations  of  spontaneous  tumors.  The 
discovery  and  perfection  of  methods  of  inducing  tumors  of  various 
kinds  have  demonstrated  the  important  role  played  by  chronic  irri¬ 
tation  in  the  origin  of  neoplasms.  It  is  conceivable  that  the  so 
called  “spontaneous”  tumors  also  are  the  result  of  chronic  irritation 
and  that  they  seem  to  be  spontaneous  simply  because  the  chronic 
irritant  is  unknown  to  the  observer.  This  is  a  possible  point  of  view 
though  by  no  means  one  necessarily  consequent  upon  the  facts  at 
hand.  Whatever  the  relationship  between  the  two  kinds  of  tumors 
will  ultimately  prove  to  be,  it  has  seemed  pertinent  to  investigate  the 
relation  between  chronic  irritation  and  a  demonstrated  hereditary 
susceptibility. 

The  material  used  for  this  purpose  consists  of  two  strains  of  mice  chosen  from 
among  a  munber  which  have  been  under  observation  in  this  laboratory  for  some 
years.  They  are  an  agouti  strain.  No.  1194,  and  the  Bagg  albinos.  A  somewhat 
detailed  account  of  their  history  and  numbers  has  already  been  published  (2). 
The  Bagg  strain  has  a  low  rate  of  mammary  gland  tumors  but  a  higher  rate  of 
lung  tumors,  while  the  opposite  condition  obtains  in  Strain  1194,  which  has  a 
higher  rate  of  mammary  gland  tumors  than  the  preceding  group  but  a  low  rate  of 
tumors  of  the  lung.  The  limg  tumor  rates  have  been  shown  (2)  to  be  significantly 
different  in  the  two  stocks.  Among  208  mice  belonging  to  Strain  1194  which 
lived  to  be  at  least  12  months  old,  6.73  per  cent  db  1.17  had  primary  neoplasms  in 
the  lung.  In  the  Bagg  strain  37.04  per  cent  ±  2.80,  in  a  total  of  135  mice,  had 
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tumors.  The  difference  between  the  rates  is  30.31  ±  3.04  and  is  undoubtedly 
significant.  A  few  tumors  of  other  types  also  have  been  found,  and  Strain  1 194 
produces  a  small  number  of  epitheliomas  of  the  jaw,  but  neither  strain  has  devel¬ 
oped  tumors  elsewhere  in  the  skin. 

An  initial  attempt  in  the  investigation  of  the  problem  was  made 
by  testing  the  two  strains  in  regard  to  their  reaction  to  tar  painting  on 
the  skin  (3).  The  well  known  method  of  applying  tar  extract  periodi¬ 
cally  to  the  skin  between  the  shoulders  was  used,  and  in  many  cases 
carcinomas  resulted.  The  percentage  of  tumors  and  the  rates  at 
which  they  appeared  were  practically  the  same  in  the  two  groups. 
Although  the  strains  differed  in  respect  to  their  spontaneous  tumor 
rates,  they  showed  no  difference  in  their  response  to  tar  painting  on 
the  skin.  It  was  pointed  out  at  the  time  that  the  spontaneous  tumors 
originated  in  one  type  of  epithelium,  i.e.,  of  the  mammary  gland 
(the  lung  tumor  rates  had  not  yet  been  demonstrated),  while  the  tar 
painting  test  was  applied  to  a  different  tissue — epithelium  of  the  back. 

^  It  was  obvious  that  it  would  be  a  more  interesting  experiment  to 
attempt  to  induce  tumors  in  a  tissue  in  respect  to  which  the  stock  of 
mice  already  differed  spontaneously.  Since  then  the  differences  in 
lung  tumor  rates  have  been  demonstrated,  and  the  discovery  by 
Murphy  and  Sturm  (4)  of  a  method  of  inducing  tumors  in  the  lung 
by  tar  painting  presented  the  possibility  of  making  the  desired  test. 

Experiment  1. — 30  agouti  mice,  18  males  and  12  females,  between  2  and  3  months 
old,  were  selected  from  Strain  1 194,  and  an  equal  number,  19  males  and  1 1  females, 
from  the  Bagg  albinos.  The  tar  used  was  similar  to  that  formerly  employed,  a 
residue  obtained  after  distillation  at  300°C.,  from  which  acids,  bases,  and  phenols 
had  been  removed,  and  which  was  then  dissolved  in  benzene.  The  novelty  of  the 
method  lies  in  the  loci  which  are  subjected  to  treatment.  The  applications,  instead 
of  being  made  always  on  one  spot,  are  distributed  to  12  different  regions  of  the 
body — on  the  dorsal  and  ventral  surfaces,  axilla,  groin,  neck,  etc.  The  painting 
is  done  three  times  weekly,  and  four  applications  are  made  on  each  area,  so  that 
the  treatment  lasts  approximately  4  months.  After  an  interval  of  6  more  months, 
or  when  the  animals  are  12  to  13  months  old,  they  are  killed. 

After  such  treatment  very  few  mice  develop  skin  tumors.  Appar¬ 
ently  no  single  region  in  the  skin  is  irritated  sufficiently  to  undergo 
neoplastic  changes,  but  for  some  reason,  as  yet  undetermined,  a 
certain  percentage  of  individuals  will  present  primary  tumors  in  the 
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lung.  Since  mice  are  subject  to  “spontaneous”  tumors  in  the  lung, 
it  is  necessary  to  differentiate  between  the  spontaneous  and  tar- 


(?  positive 
10  negative 


Text-Fig.  1. 


induced  growths.  This  is  done  by  checking  the  age  of  the  animals 
As  a  rule,  lung  tumors  do  not  develop  spontaneously  until  later  in 
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life.  In  our  stocks  8  months  is  the  earliest  age  at  which  such  growths 
have  been  noted,  and  then  in  only  1  to  3  per  cent  of  the  individuals. 


Albino  mice  from  stradxi  with  high  incidence  of  spontaneous  lung  turnons 
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Text-Fig.  2. 

The  youngest  mouse  in  the  Bagg  strain  in  which  a  lung  tumor  has 
been  found  was  15  months  old,  and  in  the  agoutis,  18  months.  A 
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marked  lowering  of  the  tumor  age  or  increase  in  tumor  rate  among 
mice  which  have  been  tarred  in  the  way  described  may  fairly  be 
considered  a  result  of  the  treatment. 

Text-figs.  1  and  2  give  the  results  of  the  experiment.  Almost  half  of  the  agoutis 
died  before  the  expiration  of  the  6  month  interval.  In  the  skin  of  2  of  the  mice 
neoplastic  changes  had  occurred;  both  animals  proved  to  have  carcinomas.  At 
autopsy  minute  lesions  or  nodules  were  foimd  in  the  lungs  of  8  individuals,  usually 
in  only  one  lobe  of  the  lung.  Microscopic  examination,  however,  revealed  that 
only  5  mice  had  lung  tumors,  1  was  doubtful,  and  10  were  negative. 

Of  the  albinos,  a  larger  number  lived  to  the  end  of  the  experiment.  1  that  died 
the  4th  month  after  tarring  was  stopped  had  an  epithelioma  on  the  back.  1  that 
died  in  the  3rd  month  after  tarring  had  a  primary  lung  tumor.  All  of  the  22 
mice  that  were  killed  after  6  months  presented  primary  tumors  of  the  lung, 
making  a  total  of  23  positive  and  none  negative.  The  large  majority  of  them 
were  multiple. 

In  this  experiment  the  two  strains  gave  different  percentages  of 
lung  tumors  after  the  tar  treatment.  Strain  1194,  which  “spon¬ 
taneously”  produces  6.73  per  cent  of  lung  tumors,  produced  37.5 
per  cent  when  painted  with  tar.  The  rate  of  spontaneous  lung  tumors 
in  the  Bagg  strain  is  37.04  per  cent,  but  when  painted  the  incidence 
increased  to  100  per  cent.  In  both  strains  the  rate  increased,  but 
the  rate  of  the  agouti  stock  did  not  increase  sufficiently  to  overtake 
that  of  the  albinos.  A  difference  still  exists  between  them. 

The  numbers  of  mice  employed  were  not  large,  and  it  was,  of  course, 
desirable  to  repeat  the  experiment.  The  results,  however,  so  strongly 
supported  the  conception  of  an  hereditary  difference  in  constitution 
in  the  animals  of  the  two  families  that  an  experiment  to  test  the 
point  was  carried  out.  If  an  hereditary  difference  persists  even  after 
tarring,  then  it  should  be  possible  to  cross  the  two  stocks  and  with 
the  first  filial  generation  thus  obtained  make  backcrosses  to  the  two 
original  strains  and  demonstrate  differences  in  the  individuals  of  the 
backcross  generation.  In  anticipation  of  the  result  actually  obtained, 
mice  in  the  first  experiment  had  been  crossed  before  the  outcome  of 
the  experiment  was  known,  and  in  the  succeeding  generation  back- 
crosses  were  made  after  the  discontinuance  of  tarring.  For  each 
generation  a  group  from  each  of  the  original  stocks  was  run  at  the 
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same  time  as  controls.  The  controls  are  of  the  same  nature  as  the 
original  experiment  and  will  be  summarized  after  they  have  been 
described  in  detail. 


Fi  from  high  tumor  strain  (Bagg  albino)  X  low  tumor  strain  (Na  1194) 
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Text-Fig.  3. 

Experiment  2. — Before  the  conclusion  of  the  tar  painting  in  Experiment  1, 
crosses  between  the  two  strains  were  made  in  which  all  of  the  females  were  used 
and  all  of  the  males  with  the  exception  of  2  agouti  males,  Nos.  21  and  24,  and  1 
albino  males.  Nos.  43  to  49  inclusive.  Many  of  the  crosses,  however,  were  un- 
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productive  of  offspring  either  through  the  sterility  of  the  parents  or  through  de¬ 
struction  of  the  young.  13  of  the  matings  were  successful.  In  6  instances  the 
male  parent  was  from  the  albino  or  high  tumor  strain,  and  in  7  cases  from  the 
agouti  or  low  tumor  strain.  A  few  of  the  next  generation  were  too  sickly  to  be 
used,  but  35  of  the  Fi  generation  were  selected  to  be  tested  by  the  same  method  of 
tarring  as  were  their  parents.  The  results  are  shown  in  Text-fig.  3.  The  painting 
was^begun  when  the  mice  were  2  to  3  months  old,  as  in  the  previous  experiment. 


Agbuti  mice  from  strain  with  low  incidence  of  spontaneous  lung  turners 


I  positive 

II  negative 
0  doubtful 


Text-Fig.  4 

The  mortality  was  very  low.  1  male.  No.  206,  died  before  the  tarring  was  com¬ 
pleted,  and  1  female.  No.  234,  died  3  months  after  the  treatment  was  over. 
Neither  had  a  tumor  of  any  kind.  1  male.  No.  209,  and  4  females.  Nos.  210  to 
213  inclusive,  were  not  killed  with  the  others.  They  came  from  parents  both  of 
which  had  lung  tumors  and  were  kept  for  breeding  purposes.  In  two  other  matings 
the  parents  were  positive  and  the  three  offspring  (Nos.  229,  230,  231)  also  were 
positive.  In  two  matings  the  parents  were  both  negative  but  they  had  not  lived 
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the  allotted  period.  Of  their  offsprmg  four  (Nos.  202, 203, 204, 205)  were  positive 
and  one  (No.  206)  died  during  treatment.  The  rest  of  the  Fi  came  from  parents 
one  of  which  had  shown  a  lung  tumor  in  the  first  experiment  and  the  other  had  not. 
There  were  28  in  all  of  which  21  were  males.  At  autopsy  numerous  lesions  were 
discovered  in  the  limg,  and  upon  microscopical  examination  22  mice  were  found 
to  have  primary  tumors,  4  mice  were  negative,  and  2  were  doubtful;  that  is,  79 
per  cent  had  undoubted  tmnors.  All  of  the  negative  animals  were  males. 

As  controls  for  this  experiment,  groups  of  mice  from  each  of  the  two  original 
families  were  submitted  to  the  same  experimental  treatment.  The  first  group 
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8  positive 
2  negative 
1  doubtful 


Text-Fig.  5. 

comprised  20  agouti  mice  from  the  low  tumor  Strain  1 194,  and  the  second  group 
consisted  of  15  mice  taken  from  the  Bagg  albino  stock.  Again  the  age  factor  was 
checked,  only  mice  of  2  to  3  months  being  used. 

Text-figs.  4  and  5  present  the  results.  13  of  the  agoutis  and  11  albinos  lived 
to  practically  the  end  of  the  experiment.  (A  few  are  included  which  died  2  days 
to  2  Aveeks  before  the  end.)  A  colored  female.  No.  253,  had  a  mammary  gland 
tumor.  There  were  no  lesions  in  the  skin.  Of  the  agoutis,  2  were  positive  and 
11  negative,  while  among  the  albinos  8  were  positive,  2  negative,  and  1  doubtful. 
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In  this  experiment  we  may  note  that  the  cross  between  the  two 
stocks  gives  a  high  percentage  of  tumors.  Among  the  controls 
painted  at  the  same  time,  the  individuals  from  the  high  tumor  strain 
showed  a  greater  number  of  pulmonary  tumors  than  did  those  from 
the  low  tumor  strain — just  as  they  had  in  the  first  experiment.  Among 
the  affected  mice,  the  number  of  nodules  and  the  number  of  lobes  in¬ 
volved  were  greater  in  those  from  the  high  tumor  stock  than  in  the  low. 


Agouti  mice  from  stradn  with  low  incidence  of  spontaneous  lungtumors 
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Text-Fig.  8. 

Experiment  3. — Four  groups  of  mice  at  the  age  of  2  to  3  months  were  tarred  as 
in  the  preceding  experiment.  Two  series  were  mice  obtained  from  backcrosses 
between  the  first  filial  generation  and  the  two  original  strains,  and  two  series  were 
mice  from  the  original  strains  and  were  used  as  controls. 

Group  1.  Backcross  from  the  High  Tumor  Strain. — These  mice  were  obtained 
by  crossing  sons  belonging  to  the  first  filial  generation  with  the  Bagg  albinos 
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or  high  tumor  strain.  Each  male  was  mated  with  several  females.  In  a  few 
cases  one  of  the  females  used  was  the  maternal  parent  from  Experiment  1, 
but  no  young  suitable  for  the  experiment  were  obtained  from  them.  The 
mothers  of  the  offspring  used  were  from  stock.  They  had  not  been  treated 
by  tar  painting,  so  that  it  is  not  known  how  many  or  which  individuals  would 
have  been  susceptible  to  tar-induced  growths  in  the  lung.  42  offspring  were 
obtained,  and  the  results  of  tarring  are  shown  in  Text-fig.  6.  3  mice  died  during 
tarring,  and  1  in  the  1st  and  1  in  the  5th  month  after  tarring.  At  autopsy  it  was 
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10  positive 
4  neg^ative 
0  doubtful 


Text-Fig.  9. 

found  that  the  lesions  in  the  affected  individuals  were  very  numerous.  Among  14 
males,  all  but  1  were  positive,  while  among  23  females,  17  showed  tumors  of  the 
lung,  3  were  without  them,  and  3  were  doubtful.  If  the  two  groups  are  taken 
together  and  the  3  doubtful  cases  classed  as  negative,  the  ratio  is  30  with  tumors 
and  7  without,  or  81.1  per  cent  tumor  mice.  This  rate  is  about  the  same  as  that  of 
the  Fi  and  of  the  albino  stock. 
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Group  2.  Backcross  from  the  Low  Tumor  Strain. — The  same  Fi  males  which 
were  backcrossed  to  the  albino  stock  were  also  mated  with  females  from  Strain 
1194,  the  low  tumor  strain.  39  offspring  resulted  and  all  were  agouti  as  expected. 
1  died  the  3rd  month  after  tarring.  The  ratio  (Text-fig.  7)  for  the  males  was  9 
with  tumors  to  11  without  tiunor,  for  the  females,  6  positive  to  12  negative. 
The  two  classes  taken  together  give  15  positive  to  23  negative,  or  39.47  per  cent. 
This  is  only  about  half  the  number  of  tumors  found  in  the  Fi  or  the  backcross  group 
from  the  high  tumor  strain. 

Group  3.  Control  from  Low  Tumor  Strain. — 20  control  mice  (9  males  and  11 
females)  w’ere  selected  from  Strain  1194,  Text-fig.  8.  None  died  during  the  treat¬ 
ment.  When  killed,  1  showed  an  epithelial  proliferation  on  the  back  of  the  neck 
at  one  of  the  painted  areas,  but  it  had  not  progressed  far  enough  to  be  called  an 
epithelioma.  Only  3  of  the  animals  produced  tumors  in  the  lung;  the  other  17 
were  negative. 

Group  4.  Control  from  the  High  Tumor  Strain. — The  control  from  the  albino 
group  consisted  of  19  mice,  of  which  17  were  males.  Text-fig.  9.  6  died  before  the 
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end  of  the  experimental  period.  The  lesions  in  the  lung  were  more  niunerous 
than  in  the  preceding  group,  both  as  to  number  of  individuals  and  number  of 
lobes  affected.  Tumors  were  found  in  9  of  the  13  survivors.  1  of  the  mice  dying 
only  2  months  after  the  discontinuance  of  the  tar  treatment  had  a  lung  tumor,  so 
that  the  ratio  is  10  to  4.  In  this  case  also  the  albino  mice  from  the  high  tumor 
strain  give  a  greater  percentage  of  tar  tumors  than  do  the  agoutis  from  the  low 
tumor  strain. 

In  the  first  experiment  samples  of  mice  from  two  strains  which 
differ  in  their  spontaneous  tumor  rates  were  contrasted  when  sub¬ 
jected  to  a  method  of  tarring  which  produces  lung  tumors.  The 
control  groups  in  Experiments  2  and  3  were  repetitions  of  the  same 
test,  so  that  the  three  experiments  may  be’ compared  from  that  point 
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of  view.  In  each  of  the  three  trials,  the  colored  (low  tumor  strain) 
and  the  albino  (high  tumor  strain)  groups  differed  from  each  other 
in  their  reaction,  Text -fig.  10.  During  the  series  of  experiments  the 
percentage  of  tumors  decreased  in  the  case  of  the  agouti  strain  but  in¬ 
creased  in  the  albinos;  however,  the  percentage  was  always  lower  in  the 
agoutis  and  higher  among  the  albinos.  The  direction  of  the  difference 
between  the  two  was  constant.  Combining  the  figures  for  all  of  the 
trials  gives  a  ratio  of  11  tumors  to  38  non-tumors  for  Strain  1194,  or 
22.45  per  cent  ±  4.02.  For  the  Bagg  albinos  the  ratio  is  41  tumors 
to  7  non-tumors,  or  85.42  per  cent  tumors  ±  3.43.  The  difference 
between  the  per  cents  is  62.97  ±  5.29.  Since  the  difference  is  more 
than  eleven  times  its  probable  error,  it  is  undoubtedly  significant. 

Since  a  distinct  difference  in  the  two  families  is,  therefore,  shown, 
it  is  interesting  to  note  the  results  of  their  crossing.  Experiment  2 
(Text -fig.  3)  shows  that  the  Fi  generation  when  tarred,  as  were  the 
parents,  gives  79  per  cent  of  tumors.  This  is  almost  as  high  a  rate 
as  that  given  by  the  more  susceptible  parent  strain — the  Bagg  albinos, 
which  gave  85  per  cent  of  lung  tumors.  When  the  Fi  were  backcrossed 
to  the  high  tumor  strain,  a  high  rate  (81  per  cent)  was  again  shown, 
but  when  backcrossed  to  the  low  tumor  strain.  Strain  1194,  the  rate 
dropped  about  half,  39  per  cent.  It  seems  evident  that  the  percent¬ 
age  of  tumors  to  be  obtained  in  the  lungs  of  mice  after  tarring  depends 
upon  the  strain  of  mice  employed  and  may  be  controlled  by  back- 
crossing  the  hybrids  to  one  or  the  other  of  the  strains  used. 

The  data  are  insufficient  to  make  possible  an  accurate  determina¬ 
tion  of  the  number  of  hereditary  factors  involved.  From  the  high 
tumor  rate  given  by  the  first  filial  generation  it  would  seem  that  at 
least  one  factor  for  susceptibility  is  dominant  or  partially  so.  On 
the  basis  of  the  “dominant  hypothesis,”  however,  we  might  expect  a 
higher  percentage  than  39  in  the  backcross.  Further  generations 
will  settle  the  question. 

In  solving  the  problem  of  the  genes  involved,  help  may  possibly 
be  obtained  from  a  more  detailed  study  of  the  histology  of  the 
tumors.  The  tumors  do  not  all  present  the  same  picture.  The 
majority  are  formed  of  cuboidal  cells,  somewhat  resembling  the  epithe¬ 
lium  of  the  terminal  bronchi.  Others  are  composed  of  columnar 
cells,  similar  to  the  cells  of  bronchial  epithelium,  which,  supported  by 
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strands  of  connective  tissue,  thrust  out  finger-like  processes.  They 
are  comparable  to  the  papillary  cyst-adenomas  described  by  Tyzzer, 
There  are  many  gradations  between  the  types.  Some  tumors  have 
not  the  appearance  of  being  malignant,  while  others  show  examples 
of  mitosis  and  definite  infiltration.  In  one  case  the  cells  were  elong¬ 
ated  almost  to  a  spindle  shape  and  were  quite  unlike  either  of  the 
types  already  mentioned.  So  far  a  satisfactory  classification  of  the 
types  which  would  permit  identifying  them  as  different  genetic  classes 
has  not  been  worked  out.  This  must  remain  a  problem  for  future 
investigation. 

Another  point  to  be  considered  is  the  adequacy  of  this  method  of 
tarring  as  a  test  of  susceptibility.  A  slightly  different  procedure; 
such  as  a  longer  period  of  tarring,  more  frequent  applications,  a  longer 
period  between  tarring  and  autopsy,  or  even  a  different  tar  prepara¬ 
tion,  might  yield  a  higher  percentage  of  tumors.  It  is  possible  that 
the  albino  strain  which  gives  positive  results  in  85  per  cent  of  the 
cases  may  really  be  a  100  per  cent  strain  genetically  but  not  show  it 
because  of  the  ineffectiveness  of  the  method  employed.  In  that  case 
the  agoutis  also  might  give  a  higher  per  cent  than  22.  Variations  in 
procedure  have  not  been  tested.  At  present  we  can  merely  state 
the  results  obtained  by  the  method  described. 

SUMMARY  AND  CONCLUSIONS. 

Evidence  has  previously  been  submitted  in  favor  of  the  theory  that 
susceptibility  to  spontaneous  tumors  of  various  types  is  inherited. 
The  question  arose  whether  susceptibility  to  tumors  induced  by  tar 
could  be  shown  to  be  hereditary  by  experimenting  with  the  same 
strains  of  mice  which  had  already  been  shown  to  differ  significantly 
in  respect  to  their  spontaneous  tumor  rates. 

Two  strains  of  mice  were  selected  for  observation.  One  strain, 
the  Bagg  albinos,  has  a  low  rate  of  mammary  gland  tumors  but  a 
higher  rate  of  spontaneous  lung  tumors.  The  other  strain.  No.  1194, 
agouti,  has  a  higher  rate  of  mammary  gland  tumors  but  a  lower  rate 
of  tumors  of  the  lung.  A  previous  test  showed  no  difference  in  the 
percentages  of  skin  tumors  which  arose  after  tar  painting. 

It  has  already  been  shown  that  the  difference  in  the  lung  tumor  rates 
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is  mathematically  significant.  When  the  two  stocks  are  treated  with 
tar  by  applying  the  irritant,  not  in  the  same  spot,  but  on  different 
areas  successively,  the  percentage  of  lung  tumors  is  increased  in  each 
stock.  Text-fig.  11.  The  rate  of  the  Bagg  albinos  increased  from 
37.04  to  85  per  cent,  that  of  Strain  1194  from  6.73  to  22  per  cent. 
But  a  difference  between  them  is  still  maintained,  and  this  difference 
also  is  significant  mathematically. 

WTien  the  two  strains  are  crossed  and  the  offspring  subjected  to 
the  tar  treatment,  the  latter  give  a  high  percentage  of  lung  tumors — 
79  per  cent  in  28  individuals — about  the  same  as  the  parental  high 
tumor  strain.  WTien  the  Fi  sons  are  backcrossed  to  the  original 
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stocks,  the  cross  to  the  high  tumor  strain  maintains  the  high  tumor 
rate,  81  per  cent  in  37  mice,  while  in  the  cross  to  the  low  tumor  strain 
the  percentage  drops  to  39  per  cent  in  38  mice.  This  result  indicates 
that  susceptibility  to  tar-induced  tumors  in  the  lung  is  hereditary. 
The  number  of  factors  concerned  has  not  yet  been  ascertained. 
Possibly  one  or  more  of  them  is  dominant. 

In  general,  the  conception  that  susceptibility  to  pulmonary  tumors 
is  hereditary  seems  to  be  upheld  by  the  fact  that  the  two  strains  of 
mice  described  differ  conspicuously  in  respect  to  spontaneous  tumor 
rates  under  ordinary  laboratory  conditions;  the  strains  differ  also 
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under  experimental  conditions,  as  described  in  this  report;  and  when 
crossed,  their  offspring  by  suitable  backcrosses,  will  again  show  signifi¬ 
cant  differences. 
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FURTHER  STUDIES  CONCERNING  THE  FILTRABLE 
VIRUS  PRESENT  IN  THE  SUBMAXILLARY 
GLANDS  OF  GUINEA  PIGS. 

By  ANN  G.  KUTTNFR,  Ph.D. 

{From  the  Hospital  of  The  Rockefeller  Institute  for  Medical  Research) 
(Received  for  publication,  August  11,  1927.) 

In  a  previous  paper  (1),  the  occurrence  of  a  fiiltrable  virus  in  the 
submaxillary  glands  of  full  grown  guinea  pigs  was  reported.  Emul¬ 
sions  of  the  submaxillary  glands  containing  potent  virus  were  found 
to  be  active  after  filtration  through  a  Berkefeld  candle.  The  virus 
was  thermolabile,  resistant  to  50  per  cent  glycerol,  and  could  not  be 
cultivated  either  in  the  presence  or  absence  of  air.  The  various 
criteria  necessary  to  establish  the  presence  of  a  filtrable  virus  were 
thus  fulfilled.  It  was  found  extremely  difiicult,  however,  to  transmit 
the  virus  continuously  from  animal  to  animal  in  series.  In  spite  of 
the  fact  that  young  guinea  pigs,  inoculated  intracerebrally,^  died  with 
great  regularity,  it  was  found  impossible  to  transmit  the  virus  from 
brain  to  brain.  It  was  only  by  changing  the  site  of  inoculation,  as 
for  instance,  inoculating  first  in  the  brain  and  then  in  the  testicle, 
or  vice  versa,  that  it  was  possible  to  carry  the  virus  through  two  animals 
in  series.  In  only  one  instance  was  the  virus  transmitted  through 
three  young  guinea  pigs  in  series  alternating  as  follows :  testicle-brain- 
testicle.  In  subsequent  work  the  virus  has  occasionally  been  trans¬ 
mitted  from  brain  to  brain  by  using  very  large  doses  or  by  making 
multiple  injections.  But  the  second  animal  in  the  series  in  no  instance 
died  or  was  severely  sick.  The  reaction  in  the  second  guinea  pig  of  a 
series,  whether  the  site  of  inoculation  was  changed  or  remained  the 
same,  was  always  very  much  milder  than  in  the  first  guinea  pig. 

In  this  paper  the  results  of  further  attempts  to  transmit  the  guinea 
pig  virus  to  other  species  of  animals  are  reported,  certain  immuno- 

^  The  animals  were  anesthetized  with  ether  before  inoculation. 
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logical  aspects  of  this  disease  are  discussed,  and  finally,  the  description 
of  two  methods  of  transmitting  the  virus  from  guinea  pig  to  guinea 
pig  in  series  is  given. 

Transmission  to  Other  Species  of  Animal. 

It  was  thought  that  if  it  were  possible  to  infect  another  species  of 
animal  with  the  guinea  pig  virus  the  problem  of  the  transmission  of 
the  active  agent  from  animal  to  animal  would  become  less  difficult. 
It  has  previously  been  reported  that  the  intracerebral  inoculation  of 
the  guinea  pig  virus  into  young  rabbits,  rats,  and  kittens  proved 
negative.  The  observations  have  now  been  extended  to  include  chick¬ 
ens,  pigeons,  dogs,  a  monkey  {Macacus  rhesus),  and  mice.  All  these 
animals,  however,  proved  refractory  to  intracerebral  inoculation*  of 
the  virus.  Direct  inoculations  of  the  guinea  pig  virus  into  the  sub¬ 
maxillary  glands  of  young  rabbits  and  young  rats  were  also  made. 
The  glands  were  removed  at  various  periods  following  inoculation  and 
examined  histologically.  No  lesions  containing  nuclear  inclusion 
bodies  were  found. 

Active  Immunity. 

An  important  characteristic  of  filtrable  viruses  is  that  in  most 
instances  it  is  possible  to  produce  an  active  immunity  against  the 
agents  by  the  inoculation  of  small  amounts  of  potent  material.  The 
injection  of  heat-killed  virus  on  the  other  hand,  in  contrast  with  the 
results  obtained  with  bacteria,  fails  to  produce  immunity. 

Experimental. — A  group  of  young  guinea  pigs  were  divided  into  two  lots;  each 
animal  of  one  lot  received  three  subcutaneous  injections  of  active  guinea  pig  virus 
on  3  successive  days,  the  guinea  pigs  of  the  other  lot  remained  untreated.  2  weeks 
after  the  last  subcutaneous  inoculation,  the  guinea  pigs  from  both  lots  were  inoc¬ 
ulated  intracerebrally  with  active  guinea  pig  virus.  The  guinea  pigs  which  had 
received  the  subcutaneous  injections  survived,  and,  with  a  few  exceptions,  those 
which  had  remained  untreated  died  in  the  usual  period  of  time.  In  all  the  guinea 
pigs  which  received  the  subcutaneous  injections  of  the  guinea  pig  virus  and  which 
later  proved  refractory  to  brain  inoculation,  the  specific  lesion  of  the  virus  was 
found  to  be  present  in  the  submaxillary  glands.  It  was  thought,  therefore,  that 
the  immunity  to  intracerebral  inoculation  depended  on  an  active  infection  of  the 
submaxillary  glands  and,  furthermore,  that  the  virus  travelled  from  the  skin  to  the 
gland.  In  order  to  test  this  hypothesis,  further  experiments  were  undertaken. 
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It  was  necessary  to  determine  whether  the  specific  lesion  could  regularly  be  foimd 
in  the  submaxillary  gland  following  subcutaneous  injections  of  active  guinea  pig 
virus,  and  if  so,  how  soon  after  inoculation  the  lesion  was  demonstrable.  Since 
infection  of  the  submaxillary  gland  occurs  spontaneously  in  rminoculated  guinea 
pigs,  it  was  necessary  to  observe  a  control  group  of  guinea  pigs  of  approximately 
the  same  age  over  a  similar  or  a  longer  period  of  time. 

Methods. — The  virus  used  for  injection  was  prepared  as  follows.  The  sub¬ 
maxillary  glands  of  two  or  more  adult  guinea  pigs  were  removed  with  sterile  pre¬ 
cautions.  A  small  piece  of  each  gland  was  cut  off  and  prepared  for  histological 
examination.  In  experiments  in  which  it  was  necessary  to  make  injections  of 
virus  on  2  or  3  successive  days,  another  piece  of  each  gland  was  put  in  50  per  cent 
glycerol  and  kept  in  the  ice  box  until  used.  The  rest  of  the  material  was  ground 
thoroughly  wdth  sand  in  a  mortar  and  the  emulsion  suspended  in  Locke’s  solution. 
Approximately,  four  glands  were  suspended  in  2  cc.  of  fluid.  The  emulsion  was 
centrifuged  at  low  speed  for  a  few  moments,  and  the  supernatant  fluid  used  for 
injection.  Aerobic  and  anaerobic  cultures  were  made  from  the  fluid  to  make  sure 
that  no  bacteria  were  present. 

Sections  prepared  from  the  submaxillary  glands  used  for  injection  were  always 
examined  to  determine  whether  acidophilic  nuclear  inclusion  bodies  were  present 
in  the  duct  cells,  and  if  so,  their  number  and  size  were  noted.  Furthermore,  0.1  cc. 
of  the  supernatant  fluid  was  inoculated  intracerebrally  into  young  guinea  pigs  to 
determine  the  virulence  of  the  particular  emulsion.  These  animals  usually  died 
5  or  6  days  following  injection  and  sections  were  prepared  from  their  brains.  In 
the  majority  of  instances,  meningitis  was  present  and  the  exudate  contained  cells 
with  acidophilic  nuclear  inclusion  bodies. 

Every  effort  was  made  to  use  for  inoculation  only  guinea  pigs  less  than  1  month 
old.  It  is,  however,  extremely  difficult  to  judge  the  age  of  guinea  pigs  by  their 
size.  In  certain  experiments  in  which  it  was  particularly  important  to  exclude 
the  possibility  of  a  spontaneous  infection  of  the  submaxillary  glands,  only  guinea 
pigs  of  known  age  were  used.  In  other  experiments  where  the  age  of  guinea  pigs 
used  was  uncertain,  one  submaxillary  gland  was  removed  from  each  guinea  pig 
at  the  beginning  of  the  experiment’  and  examined  histologically  to  make  certain 
that  the  animal  was  not  already  infected. 

Series  E,  September  16, 1926. — Seven  young  guinea  pigs,  approximately  1  week 
of  age,  were  selected,  and  the  left  submaxillary  gland  removed  from  all  of  them 
and  prepared  for  histological  examination.  These  guinea  pigs  were  then  divided 
mto  two  groups,  three — Nos.  69-7,  69-8,  70-2 — were  kept  together  in  one  cage  and 
left  untreated,  and  four — Nos.  70-3,  70-4,  70-5,  70-7 — received  three  subcutaneous 
injections  on  3  successive  days  of  0.1  cc.  of  an  emulsion  of  active  guinea  pig  virus. 
No  definite  local  reaction  occurred  at  the  site  of  inoculation. 

The  specific  lesion  was  not  found  in  the  left  submaxillary  glands  removed  from 
each  guinea  pig  in  both  groups  at  the  beginning  of  the  experiment.  6  days  after 
the  first  subcutaneous  inoculation,  the  right  submaxillary  gland  was  removed 
from  Guinea  Pig  70-7.  Microscopic  study  of  this  gland  failed  to  show  the  specific 


^  All  operations  were  performed  under  anesthesia. 
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lesion.  12  days  after  the  first  inoculation,  the  right  submaxillary  gland  was 
removed  from  Guinea  Pig  70-4.  Microscopic  study  of  this  gland  showed  the 
presence  of  typical  nuclear  inclusion  bodies  in  the  duct  cells.  The  inclusion 
bodies  were  of  the  small  type,  indicatmg  an  early  lesion.  18  days  after  the  first 
inoculation  the  right  submaxillary  glands  were  removed  from  Guinea  Pigs  70-3 
and  70-5.  On  histological  examination  these  glands  showed  typical  nuclear 
inclusion  bodies  both  of  the  small  and  large  t5T)e  in  the  duct  cells.  18  days  after 
the  beginning  of  the  experiment  the  right  submaxillary  glands  of  the  three  control 
guinea  pigs  were  removed.  On  microscopic  study  the  specific  lesion  was  not  found 
in  any  of  these  glands. 

This  experiment  seemed  to  indicate  that  young  guinea  pigs  which  are  injected 
subcutaneously  with  active  guinea  pig  virus  become  infected  more  rapidly  than 
untreated  guinea  pigs  of  approximately  the  same  age  and,  furthermore,  that  it 
requires  12  to  18  days  for  the  specific  lesion  in  the  duct  cells  of  the  glands  to 
develop.  No  macroscopic  lesion,  beyond  a  little  induration,  developed  at  the 
site  of  the  subcutaneous  inoculations. 

Further  experiments.  Series  F,  K,  and  R,  were  made  to  confirm  these  observa¬ 
tions  and  to  determine  whether  guinea  pigs,  which  had  been  injected  subcutane¬ 
ously  with  virus,  subsequently  became  refractory  to  intracerebral  inoculation. 
The  results  of  intravenous  and  intraperitoneal  injections  of  virus  were  also  studied. 
As  controls,  a  number  of  guinea  pigs  were  injected  subcutaneously  with  heat- 
killed  virus,  and  the  susceptibility  of  these  animals  to  intracerebral  inoculation 
was  tested.  In  each  experiment,  several  guinea  pigs  were  not  treated,  and  the 
submaxillary  glands  of  these  animals  were  removed  at  the  same  time  that  the 
glands  were  removed  from  the  inoculated  animals. 

Table  I  shows  the  results  of  subcutaneous,  intraperitoneal,  and  intravenous 
injection  of  guinea  pig  virus.  It  will  be  seen  that  one  guinea  pig  in  the  control 
group,  No.  73-2,  was  already  infected  at  the  beginning  of  the  experiment,  but  that 
none  of  the  other  guinea  pigs  in  this  group  developed  the  specific  lesion  during  the 
time  they  were  under  observation. 

In  none  of  the  guinea  pigs  of  the  other  groups  were  lesions  present  at  the  be¬ 
ginning  of  the  experiment.  13  to  14  days  after  inoculation,  however,  acidophilic 
inclusion  bodies  were  present  in  the  right  submaxillary  glands  of  all  these  guinea 
pigs  with  the  exception  of  one.  No.  74-2.  In  this  animal,  however,  it  was  doubtful 
whether  the  whole  dose  was  injected  into  the  vein. 

Many  of  the  guinea  pigs  in  this  experiment  were  greatly  weakened  by  the  two 
operations  for  the  removal  of  the  submaxillary  glands,  and  died  of  intercurrent  in¬ 
fections.  Three  guinea  pigs.  Nos.  73-1,  73-3,  and  73-5,  in  the  control  group,  and 
three  guinea  pigs.  Nos.  71-9,  72-1,  and  72-7,  which  survived  the  two  operations, 
were  inoculated  intracerebrally  with  0.1  cc.  of  active  guinea  pig  virus.  Guinea 
Pigs  73-1,  73-3,  and  73-5,  developed  meningitic  symptoms  and  were  moribund  on 
the  8th  day.  Sections  prepared  from  the  brains  of  these  animals  showed  a  typical 
mononuclear,  meningeal  exudate  with  cells  containing  acidophilic  nuclear  inclusion 
bodies.  Guinea  Pigs  71-9,  72-1,  and  72-7  remained  well. 
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Table  II  shows  the  results  of  subcutaneous  injections  of  active  and  heat-killed 
guinea  pig  virus.  It  has  previously  been  shown  (1)  that  the  guinea  pig  virus  is 
inactivated  by  exposure  to  a  temperature  of  56°C.  for  a  period  of  1  hour. 

It  will  be  seen  from  Table  II  that  whereas  all  except  one  of  the  animals  injected 
with  active  virus  developed  lesions  in  the  submaxillary  glands,  none  of  the  guinea 
pigs  injected  with  heat-killed  virus  showed  acidophilic  nuclear  inclusion  bodies 
in  the  duct  cells  of  the  glands. 

On  repetition  of  this  experiment  (Series  R),  similar  results  were  obtained. 
None  of  the  guinea  pigs  injected  with  heat-killed  virus  developed  lesions  of  the 
submaxillary  glands,  in  contrast  to  those  animals  which  had  been  injected  with 
active  virus.  The  guinea  pigs  treated  with  heat-killed  material  succumbed  to 
intracerebral  inoculation  of  active  virus,  whereas  the  animals  which  had  been 
injected  subcutaneously  with  potent  material,  survived  the  same  intracerebral 
injection.  Sections  prepared  from  the  brains  of  the  animals  that  died  showed  a 
typical  meningeal  exudate  containing  cells  with  acidophilic  nuclear  inclusion 
bodies. 

Summary  of  Experiments.  Series  F,  K,  R. — The  submaxillary 
glands  of  twenty-seven  young  guinea  pigs  which  served  as  controls 
in  these  experiments  were  examined  for  the  specific  lesion.  Three 
of  these  guinea  pigs  were  found  to  be  infected  with  the  virus  at  the 
beginning  of  the  experiment.  None  of  the  other  twenty-four  guinea 
pigs  developed  the  lesion  during  the  2  weeks  that  they  were  under 
observation.  Although  it  is  impossible  to  be  certain  that  a  sub¬ 
maxillary  gland  is  absolutely  negative  without  cutting  serial  sections, 
further  evidence  that  these  guinea  pigs  were  actually  not  infected 
is  brought  by  the  fact  that  they  remained  susceptible  to  intracerebral 
inoculation  of  the  guinea  pig  virus.  With  the  exception  of  the  three 
guinea  pigs  mentioned  above,  which  were  spontaneously  infected,  all 
the  guinea  pigs  in  this  group  became  sick  following  the  injection  of 
guinea  pig  virus  into  the  brain.  Histological  sections  of  the  brains 
of  twelve  of  the  twenty-four  guinea  pigs  showed  a  typical  meningeal 
exudate. 

The  submaxillary  glands  of  twenty-two  guinea  pigs  which  received 
either  one  or  two  subcutaneous  inoculations  of  active  virus,  were 
examined  for  the  presence  of  acidophilic  nuclear  inclusions  in  the 
duct  cells  at  intervals  varying  from  9  to  15  days  following  injection. 
W’ith  the  exception  of  three  cases,  in  one  of  which  the  animal  died 
early  (9th  day),  the  submaxillary  glands  of  these  guinea  pigs  showed 
the  specific  lesion.  The  immunity  of  seventeen  of  these  guinea  pigs 
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was  tested  by  intracerebral  inoculation,  twelve  survived,  three  died 
acutely  1  or  2  days  after  inoculation,  and  two  died  late  from  inter¬ 
current  infections. 

The  submaxillary  glands  of  three  guinea  pigs  which  had  received 
one  intraperitoneal  inoculation  of  active  guinea  pig  virus,  were  ex¬ 
amined  14  days  following  injection,  and  all  showed  acidophilic  nuclear 
inclusion  bodies  in  the  duct  cells. 

The  submaxillary  gland  of  four  guinea  pigs  which  had  received  one 
inoculation  of  active  guinea  pig  virus  intravenously,  were  examined 
13  days  following  injection.  Acidophilic  nuclear  inclusion  bodies 
were  found  in  three  of  them.  The  submaxillary  gland  in  one  case 
was  found  to  be  negative,  but  it  is  questionable  whether,  in  this 
instance,  the  whole  dose  was  injected  into  the  vein. 

The  submaxillary  glands  of  fourteen  guinea  pigs  which  received 
one  or  two  subcutaneous  inoculations  of  heat-killed  virus  were  ex¬ 
amined  14  days  after  inoculation.  No  acidophilic  nuclear  inclusion 
bodies  were  found  in  any  of  them.  The  immunity  to  intracerebral 
inoculation  was  tested  in  seven  of  these  guinea  pigs.  They  all  de¬ 
veloped  meningitic  symptoms.  Sections  prepared  from  the  brains 
of  three  of  these  animals  showed  a  typical  meningeal  exudate  with 
acidophilic  nuclear  inclusion  bodies. 

It  was  thought  of  interest  to  determine  whether  young  guinea  pigs 
from  which  both  submaxillary  glands  were  removed  and  which  were 
then  injected  subcutaneously  with  active  guinea  pig  virus,  would  also 
become  refractory  to  intracerebral  inoculation. 

Series  L.  December  1, 1926. — Fourteen  young  guinea  pigs,  all  of  approximately 
the  same  age,  were  selected  and  divided  into  two  groups.  Both  submaxillary 
glands  were  removed  from  every  guinea  pig  in  Group  I.  The  right  submaxillary 
gland  was  removed  from  every  guinea  pig  in  Group  II.  On  subsequent  histolog¬ 
ical  examination,  it  was  found  that  none  of  the  submaxillary  glands  removed  at 
the  beginning  of  the  experiment  showed  the  specific  lesion.  All  the  guinea  pigs 
in  Group  I  and  in  Group  II  received  two  subcutaneous  injections  on  2  successive 
days,  December  2  and  3,  of  0.1  cc.  of  active  guinea  pig  virus. 

12  to  15  days  after  the  first  subcutaneous  mjection,  the  left  submaxillary  gland 
was  removed  from  every  guinea  pig  in  Group  II.  Microscopic  study  of  these 
glands  showed  that  in  every  instance  the  specific  lesion  had  developed  following  the 
subcutaneous  inoculation  of  the  virus. 

On  December  17,  15  days  after  the  first  subcutaneous  inoculation,  all  the 
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guinea  pigs  in  Groups  I  and  II  which  survived  were  inoculated  intracerebrally 
with  0.1  cc.  of  active  guinea  pig  virus.  Furthermore,  two  guinea  pigs,  Nos. 
85-6  and  85-8,  which  had  had  both  submaxillary  glands  removed  6  weeks  before, 
but  which  had  received  no  injections,  as  well  as  one  young  normal  guinea  pig. 
No.  10-38,  were  also  inoculated  into  the  bram.  These  three  animals.  Nos.  85-6, 
85-8,  and  10-38,  all  showed  typical  symptoms  and  were  moribimd  on  the  6th  day. 
Sections  prepared  from  the  brains  of  these  animals  showed  typical  lesions  with 
cells  containing  acidophilic  nuclear  inclusion  bodies.  None  of  these  guinea  pigs 
in  Groups  I  and  II  became  sick. 

The  previous  experiments  had  seemed  to  indicate  that  intracerebral 
immunity  depended  upon  the  localization  of  the  virus  in  the  sub¬ 
maxillary  gland,  but  the  result  of  this  experiment  showed  that  the 
presence  of  the  glands  was  not  essential  for  the  development  of 
immunity.  An  attempt  was  therefore  made  to  determine  whether 
in  this  case  another  localization  of  the  virus  had  occurred. 

In  addition  to  the  submaxillary  glands,  which  lie  fairly  deep  in 
guinea  pigs,  there  is  a  superficial  salivary  gland  which  lies  directly 
over  the  jugular  vein  and  which  probably  corresponds  to  the  parotid* 
in  man.  In  the  majority  of  full  grown  guinea  pigs  in  which  the 
submaxillary  glands  show  the  specific  lesion  no  acidophilic  nuclear 
inclusion  bodies  are  present  in  this  superficial  gland  and  emulsions  of 
this  gland  are  not  infectious  when  inoculated  into  the  brains  of  young 
guinea  pigs.  The  parotid  glands  of  four  guinea  pigs  of  Group  I  were 
examined,  and  the  specific  lesion  was  found  in  three,  and  it  seems,  there¬ 
fore,  that,  in  the  absence  of  the  submaxillary  glands,  the  virus  localizes 
in  the  parotid  glands,  and  the  animals  then  become  refractory  to 
intracerebral  injection.  Theoretically,  it  would  be  of  interest  to 
inject  guinea  pigs  from  which  both  the  parotid  and  submaxillary  glands 
had  been  removed,  to  see  where  the  virus  would  localize  under  these 
circumstances,  but  the  position  of  the  parotid  glands  is  such  that  it 
is  impossible  to  remove  them  completely  without  ligating  both  jugular 
veins. 

On  repetition  of  this  experiment  (Series  Q)  similar  results  were  ob¬ 
tained.  Seven  guinea  pigs  from  which  both  submaxillary  glands  had 
been  removed,  but  which  had  received  no  injections  of  guinea  pig 

*  To  make  the  description  more  simple  this  gland  has  been  called  “parotid 
gland”  in  the  discussion  which  follows. 
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virus,  remained  susceptible  to  brain  inoculation.  Four  guinea  pigs 
which  had  had  both  submaxillary  glands  removed  and  had  received 
one  injection  of  active  guinea  pig  virus  were  refractory  to  intracerebral 
injection,  and  the  specific  lesion  could  be  demonstrated  in  the  parotid 
glands  in  three  of  these  four  animals. 

The  parotid  glands  of  two  guinea  pigs  which  had  one  submaxillary 
gland  left  when  they  were  injected  subcutaneously  with  active  guinea 
pig  virus,  showed  acidophilic  nuclear  inclusion  bodies,  both  in  the 
submaxillary  and  the  parotid  glands.  It  seems,  therefore,  that  follow¬ 
ing  injections  of  active  virus  the  parotid  glands  became  infected  even 
though  one  submaxillary  gland  was  still  present.  When  the  infection 
occurs  spontaneously,  however,  the  submaxillary  glands  and  not  the 
parotid  glands  are  usually  the  first  to  be  infected.  This  point  is 
brought  out  by  the  following  experiment. 

Scries  0.  December  28,  1926. — ^The  right  submaxillary  glands  were  removed 
from  four  yoimg  guinea  pigs,  Nos.  10-61,  10-63,  10-64, 10-65.  These  foiu:  animals 
were  kept  together  in  the  same  cage  and  left  untreated.  The  left  submaxillary 
glands  were  removed  at  various  intervals  and  examined  histologically.  No 
acidophilic  nuclear  inclusion  bodies  were  found  in  any  of  the  sections  prepared 
from  the  submaxillary  glands  removed  at  the  beginning  of  the  experiment.  On 
February  1,  1927,  approximately  1  month  after  the  beginning  of  the  experiment, 
the  left  submaxillary  and  parotid  glands  were  removed  from  Guinea  Pig  10-63. 
The  specific  lesion  was  found  in  the  sections  prepared  from  the  submaxillary  glands, 
but  not  in  those  prepared  from  the  parotid  gland. 

On  March  1,  1927,  approximately  2  months  after  the  beginning  of  the  experi¬ 
ment,  the  left  submaxillary  and  parotid  glands  were  removed  from  Guinea  Pig 
10-64.  The  specific  lesion  was  found  in  sections  prepared  from  the  submaxillary 
gland,  but  not  in  those  from  the  parotid  gland. 

On  March  25,  1927,  almost  3  months  after  the  beginning  of  the  experiment, 
the  left  submaxillary  and  parotid  glands  were  removed  from  Guinea  Pigs  10-61 
and  10-65.  The  specific  lesion  was  found  in  the  sections  prepared  from  the 
submaxillary  gland  of  Guinea  Pig  10-65.  In  those  prepared  from  the  parotid 
gland  of  this  guinea  pig  an  area  of  reaction  was  present,  but  no  acidophilic  nuclear 
inclusion  bodies  were  found.  The  specific  lesion  was  foimd  neither  in  the  sub¬ 
maxillary  nor  in  the  parotid  gland  of  Guinea  Pig  10-61. 

On  March  25,  1927,  after  the  removal  of  the  left  submaxillary  gland  and  the 
left  parotid  gland,  Guinea  Pigs  10-61  and  10-65  received  an  intracerebral  in¬ 
oculation  of  active  guinea  pig  virus.  Guinea  Pig  10-61  succumbed  on  the  6th 
day  and  the  histological  examination  of  the  brain  showed  a  typical  meningitic 
exudate  with  cells  containing  acidophilic  nuclear  inclusion  bodies.  Guinea  Pig 
10-65  remained  well. 


946 


FILTRABLE  VIRUS  IN  GUINEA  PIGS 


The  problem  of  spontaneous  infection  in  this  disease  is  an  extremely 
difficult  one.  In  the  experiment  reported  above,  three  of  four  guinea 
pigs  became  infected  in  periods  varying  from  1  to  3  months.  The 
other  guinea  pig,  though  closely  confined  in  the  same  cage  with  these 
animals,  never  developed  the  specific  lesion  in  either  the  submaxillary 
or  parotid  glands,  and  remained  susceptible  to  intracerebral  inocula¬ 
tion  of  the  guinea  pig  virus  when  more  than  3  months  of  age.  In 
certain  other  experiments  it  was  thought  possible  to  exclude  the 
occurrence  of  spontaneous  infections  of  the  submaxillary  gland,  by 
using  only  guinea  pigs  of  known  age.  In  one  instance,  however,  the 
submaxillary  gland  of  a  guinea  pig  22  days  old  was  found  to  be  infected. 
There  are  apparently  other  factors  besides  those  of  age  and  exposure 
to  the  virus  that  determine  whether  or  not  the  submaxillary  glands  of 
guinea  pigs  become  infected  with  this  disease. 

Passive  Immunity. — It  has  been  impossible  to  demonstrate  any 
virucidal  properties  in  the  sera  of  full  grown  guinea  pigs  which  have 
been  spontaneously  infected,  or  in  young  guinea  pigs  which  have 
developed  the  infection  in  the  submaxillary  glands  as  the  result  of 
subcutaneous  injections.  The  failure  to  show  virucidal  action  in 
the  serum  of  immune  animals  in  this  disease  can  probably  be  attributed 
to  the  fact  that  the  quantitative  factors  have  not  been  adequately 
controlled  in  these  experiments.  Further  work  needs  to  be  done  on 
this  phase  of  immunity. 

In  the  first  two  experiments  on  this  subject,  equal  quantities  of 
guinea  pig  virus  and  the  pooled  serum  from  three  full  grown  guinea 
pigs,  which  were  subsequently  shown  to  be  carrying  the  infection  in 
their  submaxillary  glands,  were  combined  and  allowed  to  stand  at 
room  temperature  for  30  minutes  and  0.2  cc.  of  the  mixture  was  then 
injected  intracerebrally  into  young  guinea  pigs.  In  the  same  way 
the  serum  of  a  very  young  guinea  pig,  6  days  old,  whose  submaxillary 
gland  did  not  show  the  specific  lesion,  was  combined  with  an  equal 
quantity  of  guinea  pig  virus,  and  injected  intracerebrally  into  young 
guinea  pigs.  As  additional  controls,  young  guinea  pigs  were  also 
injected  intracerebrally  with  0.2  cc.  of  a  mixture  of  equal  quantities 
of  virus  and  Locke’s  solution. 

In  these  experiments,  even  when  the  dose  of  virus  used  was  small, 
the  sera  of  the  full  grown  guinea  pigs  did  not  prevent  death  or  the 
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formation  of  a  meningeal  exudate  containmg  cells  showing  acidophilic 
nuclear  inclusion  bodies. 

Transmission  of  the  Guinea  Pig  Virus  in  Series;  from  Skin  to  Sub- 
maxillary  Gland  and  from  Submaxillary  Gland  to  Skin. — The  regularity 
with  which  the  specific  lesion  appeared  in  the  submaxillary  glands 
following  subcutaneous  inoculation  of  the  virus  was  so  striking  that  it 
was  thought  that  this  might  be  an  easy  way  to  transmit  the  virus  from 
guinea  pig  to  guinea  pig  in  series.  In  this  experiment,  only  pigs  of 
known  age,  which  had  been  born  on  the  premises,  were  used.  In 
order  to  control  the  experiment  as  accurately  as  possible,  each  litter 
of  guinea  pigs  was,  whenever  possible,  divided  into  two  lots.  Two 
guinea  pigs  born  in  one  litter  were  inoculated  subcutaneously  with 
an  emulsion  of  virulent  submaxillary  glands  from  full  grown  guinea 
pigs.  As  a  control  two  other  pigs  of  the  same  litter  were  inoculated 
with  an  emulsion  of  the  submaxillary  glands  obtained  from  a  full 
grown  rabbit.  2  weeks  after  the  subcutaneous  inoculation,  the  sub¬ 
maxillary  glands  were  removed  from  the  guinea  pigs  injected  with 
guinea  pig  virus,  a  piece  was  taken  from  each  gland  for  section,  and  the 
remainder  of  the  glands  emulsified  and  injected  subcutaneously  into 
other  guinea  pigs  of  knowm  age.  In  the  same  way  the  submaxillary 
glands  were  removed  from  the  two  pigs  which  had  been  injected 
subcutaneously  with  rabbit  submaxillary  gland,  a  piece  was  taken  for 
histological  section,  and  the  rest  was  emulsified  and  injected  sub¬ 
cutaneously  into  guinea  pigs  of  known  age.  After  2  weeks  the  same 
steps  were  repeated.  In  this  way  the  virus  was  carried  through  seven 
generations,  the  submaxillary  glands  of  the  previous  generation  always 
being  injected  subcutaneously  into  the  guinea  pigs  of  the  next  gen¬ 
eration.  The  control  series  has  been  continued  exactly  in  the  same 
way  as  the  series  started  with  the  guinea  pig  virus.  In  order  to 
determine  the  virulence  of  the  material  used  for  subcutaneous  inocula¬ 
tion  in  each  generation,  intracerebral  inoculations  were  also  made. 
Young  pigs  inoculated  intracerebrally  with  the  submaxillary  glands 
of  the  series  started  with  guinea  pig  virus  have  become  sick  and,  in 
many  instances,  died.  Histological  examination  of  the  brains  of 
these  animals  have  shown  a  typical  meningitic  exudate  containing 
cells  with  nuclear  inclusion  bodies.  Guinea  pigs  inoculated  intra¬ 
cerebrally  with  an  emulsion  of  the  submaxillary  glands  removed  from 
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TABLE  III. 


I  generation 


Subc.  inoc. 

Inoculum 

Date 

G.  P. 

O 

Submax.  gland 

to 

< 

Section 

Result 

days 

0.1  CC. 

Submax. 

Nov.  8 

]  87-1 

A 

4 

glands  from 

Nov.  9 

[  87-2 

“ 

U 

Pos. 

2  old  gui¬ 
nea  pigs 

J  87-5 

B 

m 

Removal  of  glands 

Nov.  22 

1  87-1 

A 

18 

Pos. 

[  87-2 

“ 

it 

Neg. 

J  87-5 

B 

U 

840b 

Pos. 

II  generation 


Subc.  inoc.  0.1  cc. 

]  87-1 

Nov.  22 

]  94-7 

D 

7 

[  87-2 

Nov.  23 

[  94-8 

“ 

tt 

J  87-5 

J  94-9 

E 

U 

Removal  of  glands 

Dec.  7 

1  94-7 

D 

22 

927b 

Pos. 

[  94-8 

(i 

<< 

928b 

Pos. 

J  94-9 

E 

if 

929b 

Pos. 

III  generation 


Subc.  inoc.  0.1  cc. 

RM 

RH 

G 

2 

■I 

“ 

U 

F 

8 

■ 

Removal  of  glands 

Dec.  21 

nH 

G 

16 

22 

Pos. 

119 

16 

m 

IV  generation 


Subc.  inoc.  0.2  cc. 

HR 

Dec.  21 

RliH 

H 

Hr 

{( 

Removal  of  glands 

Jan.  5 

|M| 

H 

1027b 

Pos. 

Hljlg 

1028b 

Pos. 

*  No.  48  used  for  section  only. 

Positive  indicates  that  acidophilic  nuclear  inclusion  bodies  were  found  in  the 
duct  cells  of  the  glands. 

Negative  indicates  that  no  lesions  were  found  in  the  glands. 
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V  generation 


Subc.  inoc. 

Inoculum 

Date 

G.P. 

Submax.  gland 

13 

bO 

< 

Section 

Result 

Subc.  inoc.  0.2  cc. 

j 

Jan.  5 

(( 

UWi 

I 

■ 

Removal  of  glands 

HQ 

j 

H 

Jan. 20 

Pos. 

HQ 

I 

28 

m 

VI  generation 


Subc.  inoc.  0.2  cc. 

HBB 

1  11-06 

K 

5 

II 

Jan. 20 

\  11-07 

(( 

« 

J  10-77 

1 

Removal  of  glands 

Feb.  3 

1  11-06 

it 

19 

1107b 

Pos. 

J  11-07 

a 

1108b 

Pos. 

VII  generation 


Subc.  inoc.  0.2  cc. 

Feb.  3 

1  11-36 

H 

6 

j  11-37 

L 

8 

Removal  of  glands 

1^1 

Feb. 17 

1  11-36 

H 

20 

1148b 

Pos. 

J  11-37 

L 

22 

1149b 

Pos. 

the  animals  of  the  control  series  have  usually  remained  well.  In 
certain  instances,  when  these  guinea  pigs  died  of  other  causes,  the 
histological  examination  of  the  brain  proved  negative.  The  sections 
of  the  submaxillary  glands  of  the  guinea  pigs  of  the  series  started  with 
guinea  pig  virus  have  in  every  instance,  except  one,  shown  the  specific 
lesion.  On  the  other  hand  sections  from  the  glands  of  the  first  six 
animals  of  the  control  series  were  all  negative.  The  seventh  animal 
of  the  series,  however,  Guinea  Pig  11-41,  though  only  22  days  old, 
developed  a  spontaneous  infection.  The  guinea  pigs  in  the  control 
series  were  kept  together  in  a  separate  cage,  but  no  special  precautions, 
such  as  sterilizing  the  cage,  were  taken.  The  guinea  pigs  were  allowed 


TABLE  IV. 

Control  Series  Started  with  Rabbit  Submaxillary. 


I  generation 


Inoculum 

Date 

B 

Litter 

< 

Submax. 

Section 

gland 

Result 

days 

Subc.  inoc.  0.1  cc. 

Rabbit 

Hi 

]  87-3 

A 

4 

1 

1  87-4 

u 

U 

f  87-6 

B 

U 

^769b 

Neg. 

J  87-7 

W 

ii 

) 

Removal  of  glands 

1  87-3 

A 

19 

841b 

u 

Nov.  23 

[  87-4 

H 

“ 

842b 

« 

f  87-6 

B 

ii 

843b 

U 

f  87-7 

H 

H 

844b 

U 

II  generation 


Subc.  inoc.  0.1  cc. 

Nov.  23 

1  95-2 

E 

8 

11 

Nov.  24 

[  95-3 

D 

“ 

J  87-7 

J  95-4 

E 

U 

Removal  of  glands 

Dec.  7 

1  95-2 

E 

22 

Neg. 

[  95-3 

D 

a 

931b 

(( 

J  95-4 

E 

932b 

a 

III  generation 


Subc.  inoc.  0.1  cc. 

]  95-2 

Dec.  7 

1  52 

G 

2 

[  95-3 

Dec.  8 

^  53 

F 

8 

J  95-4 

1  54 

“ 

<( 

Removal  of  glands 

Dec.  21 

\  53 
/  54 

‘‘ 

22 

iC 

1  984b 

IV  generation 


Subc.  inoc.  0.2  cc. 

Dec.  21 

1  10-44 

11 

7 

j  10-45 

H 

« 

Removal  of  glands 

■ 

Jan.  5 

10-44 

B 

22 

1029b 

Positive  indicates  that  acidophilic  nuclear  inclusion  bodies  were  found  in  the 
duct  cells  of  the  glands. 

Negative  indicates  that  no  lesions  were  found  in  the  glands. 
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TABLE  IV — Concluded. 


VI  generation 


Subc.  inoc.  0.2  cc. 

11-08 

Feb.  3 

RH 

M 

6 

j  11-41 

L 

8 

Removal  of  glands 

Feb. 17 

am 

M 

20 

1150b 

Neg. 

\  j  11-41 

L 

22 

1151b 

Pos. 

to  remain  with  their  mothers  for  1  week  after  birth.  It  is  possible 
that,  if  these  factors  had  been  more  carefully  controlled,  the  spon¬ 
taneous  infection  of  Guinea  Pig  11-41  might  not  have  occurred.  The 
results  of  these  experiments  are  shown  in  Tables  III  and  IV. 

Transmission  of  the  Guinea  Pig  Virus  from  Suhmaxillary  Gland  to 
Submaxillary  Gland.- — The  guinea  pig  virus  has  also  been  transmitted 
through  seven  generations  in  series  by  direct  inoculation  from  gland 
to  gland. 

In  this  experiment  guinea  pigs  of  known  age  were  not  available.  In  every 
instance  one  submaxillary  gland  was  removed  at  the  beginning  of  the  experiment 
and  prepared  for  histological  examination.  In  the  first  generation,  Guinea  Pig 
10-10  was  given  a  large  injection  of  guinea  pig  virus  subcutaneously.  The  left 
submaxillary  gland  was  removed  12  days  after  inoculation,  a  small  piece  was 
prepared  for  histological  section,  and  the  rest  emulsified  and  used  for  injection. 
In  all  subsequent  generations  injections  were  made  directly  into  the  left  sub¬ 
maxillary  gland.  14  to  17  days  following  inoculation,  the  injected  submaxillary 
gland  was  removed,  a  piece  prepared  for  histological  section,  and  the  rest  placed 
in  50  per  cent  glycerol  vmtil  cultures  could  be  made  to  exclude  the  possibility  of 
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bacterial  contamination.  The  gland  was  then  washed  free  of  glycerol,  emulsified, 
and  used  for  injection  into  the  next  group  of  guinea  pigs.  In  some  cases,  both 
the  submaxillary  gland  and  the  parotid  gland  were  examined  histologically  to  see 
if  the  infection  had  spread  from  the  submaxillary  gland  to  the  parotid. 

None  of  the  right  submaxillary  glands  removed  before  the  inocula¬ 
tion  of  the  left  submaxillary  gland  showed  the  specific  lesion.  The 
great  majority  of  the  injected  glands  showed  acidophilic  nuclear  in¬ 
clusion  bodies  and  were  virulent  when  inoculated  into  the  brains  of 
young  guinea  pigs.  In  one  instance,  both  the  submaxillary  gland  and 
the  parotid  glands  showed  the  specific  lesion,  in  four  others  the 
nuclear  alterations  were  found  in  the  submaxillary  gland  only. 

Summary  of  Transmission  Experiments. — The  experiments  recorded 
in  Tables  III  to  V  indicate  fairly  conclusively  that  the  guinea  pig 
virus  can  be  transmitted  in  series.  The  striking  characteristic  of  this 
virus  is  its  marked  predilection  for  glandular  tissue,  which  accounts 
for  the  fact  that  it  was  impossible  to  transmit  the  virus  from  brain  to 
brain. 

Is  the  Guinea  Pig  Virus  Related  to  “Kurloff  Bodies”? — The  occur¬ 
rence  of  peculiar  structures,  known  as  “Kurloff  bodies,”  in  the  cyto¬ 
plasm  of  the  mononuclear  cells  of  guinea  pigs’  blood  was  first  observed 
by  Kurloff  (3)  in  1888.  Although  many  investigators  have  studied 
the  “Kurloff  bodies,”  it  has  been  impossible  to  draw  any  definite  con¬ 
clusions  as  to  their  nature.  Some  workers  maintain  that  they  repre¬ 
sent  vacuoles,  others  that  they  are  true  inclusion  bodies  belonging  to 
the  “Chlamydozoa.”  Their  infectious  nature,  however,  has  never 
been  proved.  All  attempts  to  transmit  them  from  one  animal  to 
another  have  failed.  It  is  of  interest  that  “Kurloff  bodies”  are  not 
present  in  the  blood  of  guinea  pigs  at  birth.  According  to  Senez  (4) 
they  appear  as  early  as  the  7th  day;  Bender  (5),  on  the  other  hand, 
has  never  observed  them  in  guinea  pigs  less  than  1  month  old.  The 
absence  of  “Kurloff  bodies”  in  very  young  guinea  pigs  and  the  de¬ 
velopment  of  these  structures  in  the  blood  of  the  majority  of  full 
grown  guinea  pigs,  suggested  that  there  might  be  some  relationship 
between  them  and  the  infection  of  young  guinea  pigs  with  guinea  pig 
virus.  The  fact,  however,  that  “Kurloff  bodies”  always  lie  in  the  cyto¬ 
plasm  of  the  mononuclear  cells,  whereas  the  lesion  of  the  guinea  pig 
virus  is  characterized  by  nuclear  inclusion  bodies,  indicates  that  there 


ANN  G.  KUTTNER 


955 


is  probably  no  relation  between  the  two  conditions.  In  order  to 
exclude  this  possibility,  citrated  blood  of  a  full  grown  guinea  pig 
containing  “Kurloff  bodies,”  was  injected  intracerebrally  into  a  young 
guinea  pig.  The  animal  remained  well.  On  the  6th  day  it  was  killed 
and  sections  prepared  from  the  brain.  No  meningitic  exudate  or 
other  cerebral  lesion  was  found.  In  order  to  obtain  a  greater  con¬ 
centration  of  mononuclear  cells  containing  “Kurloff  bodies,”  10  cc. 
of  sterile  broth  was  inoculated  into  the  peritoneal  cavity  of  a  full 
grown  guinea  pig.  The  following  day  the  peritoneal  exudate  was 
examined  for  the  presence  of  cells  containing  “Kurloff  bodies.”  A 
fair  number  of  these  cells  were  found  to  be  present.  The  cells  were 
washed  with  salt  solution  and  injected  intracerebrally  into  two  young 
guinea  pigs.  These  animals  also  remained  well. 

CONCLUSIONS. 

1.  It  has  been  shown  that  the  guinea  pig  virus  localizes  in  the 
submaxillary  glands  of  young  guinea  pigs  following  subcutaneous, 
intraperitoneal,  or  intravenous  injection  of  active  material,  and  that 
the  specific  lesion  is  demonstrable  in  the  glands  in  12  to  15  days. 
When  an  active  infection  of  the  gland  has  been  produced  in  this  way, 
the  guinea  pigs  are  refractory  to  intracerebral  inoculation  of  the  virus. 

2.  No  lesion  develops  in  the  submaxillary  glands  of  young  guinea 
pigs  injected  subcutaneously  with  guinea  pig  virus  which  has  been 
inactivated  by  heat.  Young  guinea  pigs  which  have  received  in¬ 
jections  of  heat-killed  virus  do  not  become  refractory  to  intracerebral 
inoculation  of  the  virus. 

3.  When  young  guinea  pigs  from  which  both  submaxillary  glands 
have  been  removed  are  injected  subcutaneously  with  active  virus,  the 
virus  localizes  in  the  parotid  gland,  and  the  animals  become  refractory 
to  intracerebral  inoculation. 

4.  It  has  been  impossible  to  demonstrate  virucidal  properties  in  the 
sera  of  adult  guinea  pigs  which  have  become  spontaneously  infected 
with  the  virus,  or  in  the  sera  of  young  guinea  pigs  which  have  been 
artificially  rendered  refractory  to  intracerebral  inoculation. 

5.  It  has  been  possible  to  transmit  the  virus  from  guinea  pig  to 
guinea  pig  continuously  in  series  through  seven  animals  by  direct 
inoculation  from  submaxillary  gland  to  submaxillary  gland. 
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6.  The  fact  that  the  virus  regularly  localizes  in  the  submaxillary 
glands  following  subcutaneous  inoculation  has  been  utilized  in  passing 
the  virus  from  guinea  pig  to  guinea  pig.  2  weeks  after  the  subcu¬ 
taneous  inoculation  of  the  virus  into  young  guinea  pigs,  the  active 
agent  was  present  in  the  submaxillary  glands.  Emulsions  of  the 
submaxillary  glands  of  these  animals  were  then  used  for  the  sub¬ 
cutaneous  injection  of  another  group  of  young  guinea  pigs.  In  this 
way  the  virus  was  transmitted  continuously  from  skin  to  submaxillary 
gland  through  a  series  of  seven  animals. 
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STUDIES  IN  EXPERIMENTAL  EXTRACORPOREAL 
THROMBOSIS. 


IV.  Effects  of  Certain  Physical  and  Mechanical  Factors  on 
Extracorporeal  Thrombosis  with  and  without  the 
Use  of  Anticoagulants. 

By  TAKUJI  SHIONOYA,  M.D.* 

{From  the  Division  of  Medicine,  Mayo  Clinic,  and  The  Mayo  Foundation,  Rochester, 

Minnesota) 
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It  is  well  known  that  coagulation  of  drawn  blood  may  be  retarded 
experimentally  by  cold,  and  that  moderate  heating  hastens  coagula¬ 
tion.  In  fact,  it  has  been  claimed  by  some  (Starling)  that  platelets 
increase  in  numbers  in  cold  blood  and  that  they  can  actually  be  “manu¬ 
factured”  by  cooling  platelet-free  plasma.  In  this  connection  I  have 
no  evidence  to  offer,  but  it  is  important  to  know  the  influence  of  heat 
and  cold  on  clot  formation  in  the  circulating  blood.  This  may  have 
some  bearing  on  matters  of  treatment ;  consequently  some  experiments 
have  been  carried  out  by  the  method  already  described  for  the  study 
of  extracorporeal  thrombosis. 

Effects  of  Temperature. 

Cold. — Rabbits  weighing  about  2  kilos  were  anesthetized  and 
operated  on  as  already  described.  The  apparatus,  filled  with  physio¬ 
logic  solution  of  sodium  chloride  was  attached  to  the  carotid  artery 
and  jugular  vein,  the  collodion  tube  being  immersed  in  cool  physiologic 
sodium  chloride  solution  (5°C.).  The  clamps  were  detached  and  the 
blood  began  to  circulate  very  violently  through  the  apparatus.  In 
spite  of  the  container  being  surrounded  by  ice,  the  cool  solution  in 
the  container  became  warm  (10°  to  15°)  very  soon,  as  it  was  influenced 
by  the  warm  arterial  blood.  To  keep  the  collodion  tube  cool  the 
solution  in  the  container  was  changed  many  times. 

*  Fellow  of  the  Rockefeller  Foundation. 
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On  marked  cooling,  the  blood  in  the  apparatus  continued  to  flow 
for  from  15  to  25  minutes,  while  at  body  temperature  it  ceased  in 
from  4  to  10  minutes.  Finally  the  circulation  was  stopped  by  the 
obstruction  of  the  arterial  cannula  (rarely  of  the  venous  cannula)  by 
white  thrombi.  Before  obstruction  was  complete  the  blood  current 
became  slow  and  white  thrombi  appeared  in  several  places  in  the 
apparatus,  especially  in  the  arterial  tubes  and  to  some  extent  in  the 
collodion  tube.  Still  circulation  sometimes  went  on.  Gradually  the 
pulsation  of  the  collodion  tube  and  jugular  vein  became  less  marked, 
and  mixed  thrombi  appeared  in  the  venous  cannula,  and  extended 
into  the  vein.  When  the  apparatus  was  detached,  as  soon  as  the 
obstruction  occurred,  the  blood  in  the  arterial  cannula  and  in  the 
arterial  half  of  the  apparatus  was  already  clotted  and  mixed  thrombi 
appeared  on  the  irregular  surface  of  the  connecting  parts  of  the  glass 
tubes,  while  about  half  of  the  blood  in  the  venous  half  of  the  apparatus 
still  remained  fluid.  In  the  collodion  tube  the  blood  was  clotted  in 
lamina;,  a  part  of  the  blood  still  remaining  fluid;  a  few  small  white 
thrombi  were  sometimes  seen  also. 

From  this  it  is  clear  that  low  temperature  tends  to  retard  clotting 
in  the  artificial  loop  and  consequently  the  occurrence  of  obstruction 
is  postponed.  Nevertheless,  white  thrombi  were  observed  in  several 
parts  of  the  apparatus. 

Heat. — In  two  experiments  the  effects  of  heat  (40°C.)  were  inves¬ 
tigated.  After  a  few  minutes  circulation,  fibrin  formed  on  the  ab¬ 
normal  surface  of  the  apparatus,  especially  in  the  collodion  tube 
and  venous  cannula.  Obstruction  of  the  venous  cannula  by  red  clot 
occurred  after  from  4  to  6  minutes  circulation.  Soon  after  obstruc¬ 
tion,  all  the  blood  in  the  apparatus  clotted  as  a  solid  column; 
lamination  was  not  marked.  The  formation  of  white  thrombi  was 
scarcely  evident. 

The  results  of  heat  (55°C.)  applied  around  the  collodion  tube  are 
much  more  interesting  for  they  indicate  the  rapidity  with  which 
clotting  may  occur.  After  from  2  to  6  minutes  the  venous  cannula 
was  totally  obstructed  and  a  solid  column  of  blood  was  taken  out  of 
the  apparatus.  In  serial  sections  only  coagulated  blood  was  seen, 
instead  of  the  characteristic  structure  of  red  and  white  thrombi. 
Rapid  coagulation  does  not  allow  sufficient  time  for  stratification 
or  collection  of  platelets. 
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Ej^ect  of  Mechanical  Factors  Such  as  Compression  and  Obstruction  of 

Vessels. 

When  the  blood  is  normally  coagulable  and  the  carotid  artery  is 
partially  compressed  and  the  stream  retarded  the  arterial  cannula  is 
soon  obstructed  by  white  thrombi,  mixed  thrombi  form  in  the  artery, 
and  the  entire  blood  in  the  apparatus  comes  to  a  standstill  and  quickly 
clots  as  a  solid  mass. 

Partial  Occlusion  of  the  Carotid  Artery. — The  results  in  the  follow¬ 
ing  protocol  are  typical  of  the  findings  in  three  experiments. 

At  2.25  p.m.  Rabbit  28,  weighing  1,800  gm.  was  injected  intravenously  with  30 
mg.  of  heparin.  At  the  same  time  the  apparatus  was  attached  and  the  carotid 
artery  compressed  with  metal  clip  so  that  the  blood  flowed  at  the  rate  of  30 
drops  a  minute.  Clotting  time  was  more  than  30  minutes. 

At  2.55  pulsation  was  recognizable.  A  white  thrombus  obstructing  the  arterial 
cannula  was  removed.  With  a  new  set-up,  the  experiment  was  continued,  the 
blood  flowing  at  the  rate  of  30  drops  a  minute. 

At  3.20  the  stream  stopped  again.  The  collodion  tube  was  cut  off.  The  con¬ 
stricted  part  of  the  arterial  cannula  was  filled  with  white  thrombi  and  totally 
obstructed.  There  was  a  big  red  thrombus  (6  mm.  long,  4  mm.  wide  and  3  mm. 
thick)  in  the  bottom  of  the  arterial  end  of  the  collodion  tube,  and  in  the  arterial 
half  of  the  apparatus  were  many  white  thrombi,  which  were  covered  by  sedimented 
erythrocytes. 

In  spite  of  the  incoagulability  of  the  blood,  the  slowing  of  the  blood  stream  has 
a  tendency  to  facilitate  the  formation  of  red  thrombi  on  the  foreign  lining  of 
the  apparatus  and,  on  accoimt  of  the  marked  retardation  of  the  stream,  the 
thrombi  are  chiefly  formed  in  the  arterial  half,  in  the  collodion  tube  at  the  arterial 
inlet  just  as  in  the  case  of  Aschoff’s  sand  banks.  Obstruction  of  the  arterial 
cannula  by  a  mass  of  white  thrombi  is  easily  demonstrated. 

In  the  serial  sections  this  thrombus  from  the  collodion  tube  is  built  on  a  base 
of  very  tiny  white  thrombi  and  is  composed  of  red  clots,  in  which  wide  fibrin  bands 
are  interwoven.  Despite  the  incoagulability  erythrocytes  easily  precipitate  and 
fibrin  is  formed  rather  quickly. 

Complete  Obstruction  of  the  Carotid  Artery. — In  two  experiments 
with  anticoagulant  injection*  a  few  minutes  after  the  circulation 
through  the  apparatus  was  established,  the  carotid  artery  was  ob¬ 
structed  by  a  clamp.  The  apparatus  was  detached  15  minutes  and 
50  minutes  respectively,  afterwards.  There  was  a  mixed  thrombus 

*  With  larger  or  continuous  dose  of  heparin  clotting  might  be  entirely  prevented. 
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in  the  carotid  artery  between  clamp  and  cannula  which  followed  the 
white  thrombus  of  the  constricted  part  of  the  arterial  cannula.  In 
the  latter,  also  in  the  venous  cannula,  in  the  jugular  vein  and  here 
and  there  in  the  other  parts  of  the  apparatus,  blood  clot  adhered  to 
the  wall.  In  the  collodion  tube  the  greater  part  of  the  blood  remained 
fluid  but,  in  the  bottom,  thin  layers  of  red  clots  and  one  big  mixed 
thrombus  adhered  to  the  wall  of  the  arterial  half  of  the  collodion  tube 
near  the  inlet  and  another  was  present  at  the  outlet. 

In  the  case  of  partial  obstruction  of  the  carotid  artery  the  blood 
stream  in  the  apparatus  is  at  a  standstill  and  further  growth  of  white 
thrombi  is  very  much  reduced  because  no  new  blood  platelets  or 
leucocytes  will  be  brought  in  contact  with  the  wall. 

Obstruction  of  the  Jugular  Vein. — The  findings  in  the  following  are 
characteristic  of  those  in  four  experiments. 

At  2.30  p.m.  Rabbit  44,  weighing  1,850  gm.  was  injected  with  40  mg.  of  heparin 
intravenously.  At  5.05  the  apparatus  was  attached  and  marked  stream  and 
pulsation  were  observed  in  it.  At  5.15  the  jugular  vein  was  obstructed  by  a  clamp. 
Then  the  blood  stream  in  the  arterial  cannula  was  violent  and  the  pulsation  of  the 
collodion  tube  still  marked;  soon  afterwards  the  blood  in  the  venous  tubes  and  in 
the  collodion  tube  became  dark,  but  the  pulsation  in  the  arterial  half  persisted. 

At  5.45,  55  minutes  after  connection,  the  clotting  time  was  longer  than  30 
minutes;  pulsating  movement  in  the  arterial  cannula  was  still  marked.  1  hour 
after  the  connection  the  apparatus  was  detached.  In  the  apparatus  white  thrombi 
were  not  numerous.  Sedimentation  of  erythrocytes  occurred  in  the  venous  comer 
tube.  The  collodion  tube  contained  at  its  arterial  end  a  large  mixed  thrombus, 
consisting  mainly  of  large  clumps  of  platelet  thrombi;  about  twenty  clumps  were 
connected  by  fibrin  and  erythrocytes. 

SUMMARY. 

The  effects  of  environmental  temperature  on  thrombosis  in  circu¬ 
lating  blood  were  tested  in  the  extracorporeal  loop  by  the  method 
previously  described.  Cold  (7°  to  15°C.)  about  the  collodion  tube 
retards  the  clotting  of  circulating  blood.  Obstruction  of  the  arterial 
cannula  occurs  after  from  15  to  25  minutes.  Heat  (40°  and  55°C.) 
tends  to  hasten  clotting;  obstruction  by  red  clot  takes  place  after 
from  4  to  6  minutes  and  from  2  to  4  minutes,  respectively.  In  the 
latter  case  no  characteristic  thrombus  structure  may  be  seen.  These 
results  were  what  might  be  expected.  The  formation  of  white  thrombi 
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occurs  even  under  the  influence  of  cold,  and  they  continue  to  form  and 
grow  as  long  as  the  circulation  continues. 

When  the  carotid  artery  is  partially  occluded  and  the  blood  stream 
slowed,  after  the  injection  of  the  anticoagulant,  the  blood  has  a 
tendency  to  form  red  thrombi  on  the  foreign  surface  of  the  vascular 
loop.  The  thrombi  are  deposited  chiefly  in  the  arterial  half  of  the 
apparatus,  especially  at  the  bottom  of  the  arterial  end  of  the  collodion 
tube,  just  as  in  the  case  of  Aschoff’s  sand  experiments.  In  spite  of 
incoagulability  of  heparinized  blood,  red  clots,  with  interwoven  fibrin 
bands,  are  found.  Also  very  tiny  white  thrombi  may  form  in  other 
parts  of  the  collodion  tube. 

The  effect  of  complete  obstruction  of  the  carotid  artery  and  jugular 
vein  on  thrombus  formation  was  studied  after  the  use  of  anticoagulant. 
When  the  carotid  artery  is  obstructed  the  formation  of  white  thrombi 
is  negligible  and  sedimentation  of  erythrocytes  and  deposition  of 
fibrin  appear  throughout  the  apparatus;  then  the  blood,  at  a  stand¬ 
still,  clots  very  slowly. 

When  the  jugular  vein  is  obstructed,  dislodgment  of  platelet  thrombi 
probably  results  from  the  pulsating  movement,  and  sedimentation 
of  erythrocytes  follows,  forming  mixed  thrombi.  The  dislodged  white 
thrombi  tend  to  gather  in  the  bottom  of  the  tubes  of  the  widest  cali¬ 
ber,  especially  in  the  collodion  tube. 
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V.  Influence  of  Certain  Chemical  Substances  on  Extracor¬ 
poreal  Thrombosis  with  Special  Reference  to  the 
Efficacy  of  a  Combination  of  Heparin  and 
Magnesium  Sulfate. 

By  TAKUJI  SHIONOYA,  M.D. 

{From  the  Division  of  Medicine,  Mayo  Clinic,  and  The  Mayo  Foundation,  Rochester, 

Minnesota.) 
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With  the  method  of  studying  experimental  extracorporeal  throm¬ 
bosis  already  described,  the  influences  of  certain  chemical  substances, 
such  as  distilled  water,  bile  salts,  <f-glucose,  urea  and  calcium  chloride, 
have  been  examined. 

The  Effect  of  Distilled  Water. 

It  is  well  known  that  shed  or  hemolyzed  blood,  when  injected 
into  the  circulation,  may  cause  the  liberation  of  fibrin  and  subse¬ 
quently  intravascular  clotting.  On  the  other  hand,  it  has  been 
stated  by  Reed  that  heparinized  blood,  despite  its  incoagulability, 
can  clot  very  soon  after  the  addition  of  distilled  water.  In  this 
connection,  I  have  carried  out  a  series  of  experiments  and  have  veri¬ 
fied  this  fact,  as  will  be  seen  from  the  results. 

Experiment  1. — A  rabbit  weighing  2100  gm.  w'as  given  50  mg.  of  heparin  (Hyn- 
son,  Westcott  and  Dunning)  intravenously.  Blood  was  drawn  immediately  from 
the  carotid  artery  into  a  paraffined  vessel;  1  cc.  of  the  blood  was  put  into  each  of  a 
series  of  small  test-tubes  and  various  amounts  of  distilled  water  were  added  to  each 
and  clotting  time  was  recorded  (Table  I).  Accordingly  I  attempted  to  see  what 
the  effect  would  be  of  distilled  water  placed  outside  of  the  collodion  membrane. 

Experiment  2. — When  the  collodion  tube  of  the  circulatory  loop  was  surroimded 
by  distilled  water,  the  latter  passed  through  the  membrane  into  the  circulation, 
causing,  from  5  to  10  minutes  later,  hemolysis  of  the  heparinized  blood  flowing 
along  the  wall  of  the  collodion  tube.  30  minutes  or  more  later,  fibrin  formed,  and 
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coagulation  of  hemolyzed  blood  followed.  In  the  serial  sections  this  clot  looked 
almost  entirely  homogeneous,  and  neither  structure  nor  formed  elements  could  be 
differentiated  because  of  hemolysis.* 

Two  reasons  are  advanced  to  explain  this  phenomenon:  one  that  tissue  extract 
or  fibrinogen  and  hemoglobin  set  free  by  hemolysis  neutralize  the  heparin  action, 
and  the  other,  dilution  of  the  anticoagulant.  According  to  Howell,  the  latter 
explanation  is  less  probable. 


TABLE  I. 


Clotting  Time  of  Heparinized  Blood  in  Water. 


rs 

min. 

7 

min. 

12 

min. 

20 

kain. 

40 

min. 

60 

min. 

18 

hrs. 

1  cc.  of  heparinized  blood  in  0.1  cc.  water 

— 

— 

— 

+ 

+ 

++ 

+  + 

1  cc.  of  heparinized  blood  in  0.2  cc.  water 

± 

+ 

+ 

+ 

+ 

++ 

+  + 

1  cc.  of  heparinized  blood  in  0.5  cc.  water 

+ 

+ 

+ 

++ 

d — 1-  + 

+++ 

+  +  + 

1  cc.  of  heparinized  blood  in  1.0  cc.  water 

+ 

+ 

+ 

++ 

+  +  + 

+++ 

+  +  + 

1  cc.  of  heparinized  blood  in  2.0  cc.  water 

B 

B 

+ 

+ 

+ 

+  + 

1  cc.  of  heparinized  blood  in  3.0  cc.  water 

■ 

■ 

— 

— 

± 

± 

Control . 

H 

■ 

■ 

B 

Bi 

B 

B 

The  Influence  of  Bile  Salts  on  Clotting  in  the  Heparinized  Animal. 

For  a  long  time  it  has  been  known  that  jaundice  tends  to  disturb 
the  clotting  process  of  the  blood.  This  fact  was  also  verified  by  Minot 
and  his  associates,  who  found,  by  using  Howell’s  recalcifi.cation  method, 
that  the  coagulation  time  was  increased  in  a  series  of  cases  of  jaundice. 
Haessler  and  Stebbins  demonstrated  that  the  clotting  time  of  the 
blood,  to  which  bile  salts  have  been  added,  is  proportional  to  the 
quantity  of  bile  salts  present  and  that  the  bile  interferes  with  the 
conversion  of  fibrinogen  into  fibrin  and  not  with  the  formation  of 

*  It  will  have  been  observed  that  the  tenacity  of  both  red  and  white  thrombi 
has  varied  under  different  experimental  conditions.  This  may  depend  on  variation 
in  the  character  of  the  agglutination  of  the  elements  or  on  the  amount  and  nature 
of  the  fibrin  deposited.  Since  thrombi  in  vivo,  under  different  conditions,  show 
similar  variation  in  tenacity,  the  relation  of  these  phenomena  to  embolism  assumes 
prime  importance.  Pathologically  the  question  is  not  only  why  thrombi  form, 
but  why  emboli  are  dislodged  in  some  cases  and  not  in  others.  In  this  connection 
it  is  to  be  remembered  that  fibrin  deposited  from  fibrinogen  in  vitro  by  any  other 
than  biologic  methods  is  not  crystalline  (Howell). 
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thrombi.  To  my  knowledge,  no  one  has  yet  investigated  in  vitro  or 
in  vivo  the  influences  of  bile  salts  on  heparinized  blood.  I  carried 
out  some  experiments  with  a  rabbit,  whose  blood  had  been  rendered 
less  coagulable  by  intravenous  injections  of  heparin,  also  some  in 
vitro  with  the  blood  of  normal  rabbits,  to  which  heparin  was  added 
(16  mg.  to  each  40  cc.)  and  found  that  in  both  instances  more  than  1 
drop  of  1  per  cent  solution  of  bile  salts  to  each  cc.  of  blood  caused 
hemolysis,  but  no  decrease  of  the  clotting  time. 

Experiments  were  carried  out  by  means  of  the  extracorporeal  loop 
after  the  injection  of  heparin.  Bile  salts,  dissolved  in  physiologic 
sodium  chloride  solution  ( 1  or  2  gm.  for  each  100  cc.)  were  placed  in 
the  container  surrounding  the  collodion  tube  of  the  apparatus,  and 
also,  in  other  cases,  introduced  directly  into  the  circulatory  loop 
through  the  rubber  tube  connecting  the  arterial  cannula  and  the  side 
tube.  Thus  the  simultaneous  influence  of  bile  salts  and  of  heparin 
on  experimental  thrombosis  was  observed. 

In  the  former  case,  that  is  with  bile  salts  in  the  dialyzing  container, 
so  long  as  no  coagulation  or  no  obstruction  occurred  the  white  thrombi 
not  only  appeared  in  abundance  in  the  venous  half  of  the  apparatus 
(the  glass  tube,  paraffined  part  and  collodion  tube)  but  they  grew 
more  rapidly  than  when  physiologic  sodium  chloride  solution  was 
used.  Radiation,  or  fan  formation,  was  less  pronounced.  In  the 
structure  of  this  thrombus,  the  platelets,  of  course,  play  a  great  part, 
but  the  role  of  the  leucocytes  as  a  constituent  of  the  thrombus  should 
not  be  overlooked.  The  size  of  each  white  thrombus  at  the  end  of  1 
hour  or  3  hours  was  many  times  larger  than  when  physiologic  sodium 
chloride  solution  was  used  for  a  corresponding  period.  They  appeared 
as  cauliflower-like  excrescences. 

The  thrombi  obtained  after  injection  of  bile  salts  were  also  un¬ 
questionably  larger  than  when  physiologic  sodium  chloride  solution 
alone  was  used.  Furthermore,  the  white  thrombi  appeared  in  the 
arterial  half  of  the  apparatus,  especially  near  the  place  of  injection,  in 
the  arterial  corner  tube  and  in  the  arterial  end  of  the  collodion  tube, 
despite  the  speed  of  the  stream.  The  arterial  corner  tube  was  nearly 
obstructed  after  3  hours,  in  spite  of  the  fact  that  its  lumen  was  many 
times  greater  than  that  of  the  narrow  part  of  the  cannula. 

In  both  cases,  when  the  solution  of  bile  salts  was  placed  outside  of 
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the  collodion  tube  and  also  when  it  was  injected  into  the  circulation, 
the  mass  of  white  thrombi  was  loose,  soft  and  fragile,  being  easily 
broken  up  into  the  individual  platelet  thrombi.  There  appeared  to 
be  less  contractility,  suggesting  that  fibrin  was  absent  or  if  present 
was  abnormal  or  of  a  poor  quality.  Even  when  complete  obstruction 

TABLE  II. 


Size  arid  Number  of  White  Thrombi  with  1  or  2  Per  Cent  Bile  Salts  Placed  Outside 
of  the  Collodion  Tube. 


Date 

No. 

Time 

Length 

Width 

No.  in 
one  field 

Remarks 

1926 

fnm. 

mm. 

Mar.  22 

9 

3  hrs. 

0.60 

0.50 

2 

No  obstruction 

0.50 

0.50 

3 

May  6 

22 

3  hrs. 

1.40 

1.20 

2 

0.50 

0.40 

5 

0.08 

0.10 

7 

or 

0.40 

0.20 

8 

0.20 

0.20 

5 

May  13 

25 

4  hrs., 

1.40 

Many 

Long  ranges  of  hillocks.  No  obstruc- 

20  min. 

tion  because  the  white  thrombi 
gathered  mostly  in  the  wide  part 
of  the  apparatus  in  the  corner  tube 

June  28 

52a 

3  hrs. 

0.10 

0.08 

More 

Two  ranges  of  hillocks 

than 

20 

0.20 

0.20 

1.0 

0.8 

June  28 

52b 

2  hrs., 

3.0 

4.0 

Large  white  thrombus  in  the  corner 

30  min. 

0.06 

0.08 

tube  obstruction 

by  a  thrombotic  mass  occurred,  no  clotting  followed.  These  phenom¬ 
ena  are  in  part  due  to  the  action  of  the  heparin,  but  it  seems  reason¬ 
able  to  consider  that  the  bile  salts  also  disturb  the  coagulation  of 
heparinized  blood,  since  such  extreme  results  were  not  found  with 
heparin  alone. 
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The  fact  that  white  thrombi  are  readily  stimulated  by  bile  salts 
and  the  red  thrombi  formed  through  the  influence  of  bile  salts  are 
fragile,  might  explain  why  postoperative  pulmonary  embolism  is 
found  in  a  relatively  large  number  of  cases  of  hepatic  disease  and 
gall  stones  (Wilson). 

Typical  protocols  from  a  series  of  experiments  follow,  and  the 
results  of  the  series  are  shown  in  Tables  II  and  III. 

Experiment  3  (Bile  Salts  by  Dialysis). — Rabbit  52a  weighing  1800  gm.  was 
injected  intravenously  with  40  mg.  of  heparin  at  12.20  p.m.  At  12.40  p.m.  the 
apparatus  was  connected  and  2  per  cent  bile  salts  in  physiologic  sodium  chloride 
solution  put  outside  the  collodion  tube.  The  blood  stream  was  very  rapid,  pulsa- 


TABLE  III. 

Size  and  Number  of  Thrombi  with  2  Per  Cent  Solution  Bile  Salts  Injected  into  the 

Vessel. 


Date 

No. 

Time 

Length 

Width 

No.  in  one  field 

1926 

hrs. 

mm. 

mm. 

June  1 

39a 

3 

1.00 

0.80 

3 

0.54 

0.50 

2 

0.40 

0.40 

3 

June  1 

39b 

3 

0.56 

0.40 

3 

0.44 

0.40 

3 

tion  of  the  collodion  tube  and  the  jugular  vein  being  marked.  The  clotting  time 
was  more  than  30  minutes.  At  3.40  p.m.  the  collodion  tube  was  removed. 
Throughout  the  whole  apparatus  many  rather  large  white  thrombi  were  seen, 
most  of  them  confluent  and  constituting  an  inner  coat  or  cast  on  the  inner  sxurface 
of  the  tubes.  The  individual  thrombi  were  connected  by  abnormal  appearing 
fibrin  threads.  In  the  collodion  tube,  similar  conditions  prevailed.  There  were 
innumerable  small  thrombi  but  a  few  were  very  large.  The  smaller  types  fused 
together  to  form  the  thick  membrane  composed  of  platelet  cliunps  with  munerous 
leucocytes.  In  one  field  more  than  twenty  of  the  white  thrombi  measured  0.10 
by  0.08  mm.,  and  seven  measured  0.20  by  0.20  mm.  The  large  variety  were 
many  times  larger  than  those  observed  in  the  case  of  physiologic  soditun  chloride 
solution  in  the  heparinized  animal.  Microscopically  large  high  hillocks  of  platelet 
clumps  were  seen  with  numerous  leucocytes  in  them.  The  hillocks  measured  1.0 
by  0.8  mm.,  with  sometimes  a  range  of  hillocks  of  0.5  mm.  width  with  valleys 
intervening. 
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Experiment  4  {Bile  Salts  Injected  into  the  Arterial  Side  of  the  Apparatus'). — 
Rabbit  39a  weighing  1020  gm.  was  given  40  mg.  of  heparin  intravenously  at  11.30 
a.m.  At  12.00  the  apparatus  was  connected  and  3  cc.  of  1  per  cent  solution  of 
bile  salts  was  injected  into  the  arterial  side  of  the  extracorporeal  loop.  At  1.00 
p.m.  1  cc.  of  solution  of  bile  salts  was  injected  in  the  same  way.  There  was  a  violent 
stream  and  marked  pulsation  in  the  artificial  vascular  loop.  At  2.00  p.m.  1  cc.  of 
solution  of  bile  salts  was  injected.  At  3.00  p.m.  the  apparatus  was  detached; 
the  blood  in  it  remained  incoagulable.  In  the  arterial  corner  tube  there  were 
many  white  thrombi  which  obstructed  the  lumen.  In  the  arterial  end  of  the  col- 


TABLE  IV. 

Size  and  Number  of  White  Thrombi  with  1  or  2  Per  Cent  d-Glucose  Solution  Outside 
of  the  Collodion  Tube. 


Date 

No. 

Time 

Length 

Width 

No.  in  one  field 

Remarks 

1926 

mm. 

mm. 

May  7 

23b 

1  hr. 

0.10 

0.08 

More  than  20 

In  the  figure  of  radiation 

0.04 

0.04 

More  than  25 

June  21 

48a 

3  hrs. 

0.26 

0.024 

4 

June  21 

48b 

3  hrs. 

0.20 

Irregular  ranges  of  hillocks 

0.40 

0.40 

0.20 

0.20 

Many 

Radiation 

June  21 

48c 

2  hrs. 

0.10 

0.10 

12 

Radiation 

July  19 

61a 

2  hrs.. 

0.24 

0.10 

1 

6 

30  min. 

0.12 

0.10 

5 

July  19 

61b 

30  min. 

Blood  coagulable 

July  21 

65 

2  hrs. 

0.16 

0.16 

6 

Radiation 

0.10 

0.08 

4 

lodion  tube  a  good  many  large  white  thrombi  had  gathered,  almost  obstructing  it. 
Also,  in  the  outer  lower  part  and  bottom  of  the  collodion  tube  there  were  numerous 
rather  large  white  thrombi,  each  hillock  bemg  high.  Fem-like  radiating  figures 
were  also  seen.  In  one  field,  two  or  three  white  thrombi  measured  1.00  by  0.88 
mm.,  two  measured  0.54  by  0.50  mm.  and  three  measured  0.40  by  0.40  mm. 

Influence  of  d-Glucose, 

Changes  in  blood  sugar  content  may  cause  only  slight  fluctuations 
in  the  clotting  time  of  the  blood.  It  was  desirable  to  investigate  the 
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influence  of  d-glucose  on  thrombosis,  because  there  is  a  high  blood 
sugar  content,  not  only  in  diabetes,  but  also  after  d-glucose  has  been 
introduced  as  a  therapeutic  measure.  The  essential  data  from  twelve 
experiments  on  the  effect  of  d-glucose  on  heparinized  blood  in  vivo 
are  presented.  When  d-glucose  dissolved  in  physiologic  sodium 
chloride  solution  (1  or  2  gm.  for  each  100  cc.)  was  placed  in  the  con¬ 
tainer  outside  of  the  collodion  sac,  numerous  tiny  white  thrombi 
appeared  in  the  course  of  time  (Table  IV).  The  size  of  each  at  any 
given  time  was  relatively  smaller  than  those  seen  with  physiologic 
sodium  chloride  solution  in  the  container.  The  thrombi  in  the 


TABLE  v. 

Size  and  Number  of  Thrombi  with  10  Per  Cent  Glucose  Injected  into  the  Vessel. 


collodion  tube  tended  to  assume  radiating  figures  in  the  majority 
of  cases.  They  were  composed  chiefly  of  platelets,  and,  on  and  around 
them,  there  were  in  the  earlier  period  a  very  few  leucocytes  but  in  the 
later  stages  a  considerable  number.  Even  in  an  experiment  of  three 
hours  duration  obstruction  and  consequent  stopping  of  the  ^ream 
was  rare,  even  though,  in  the  constricted  part  of  the  cannula,  and 
under  certain  conditions  elsewhere,  the  thrombi  congregated,  making 
rather  a  loose  mass  which  could  be  broken  easily,  fibrin  formation 
seemed  to  be  delayed  and  abnormal  or  poor,  while  with  physiologic 
sodium  chloride  solution,  despite  ample  action  of  the  heparin,  fibrin 
did  appear  in  rather  a  short  time,  and  contributed  to  the  obstruction. 
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Despite  these  changes,  the  <Z-glucose  did  not  appear  to  shorten  the 
clotting  time  of  heparinized  blood. 

When  the  d-glucose  solution  (10  per  cent)  was  injected  into  the 
artificial  circulatory  loop  through  the  gum  tube  between  the  arterial 
cannula  and  side  tube,  white  thrombus  formation  was  rather  rare 
throughout  the  apparatus  (Table  V).  These  findings  suggest  that 
hj^iertonic  sugar  solution  tends  to  make  platelets  and  leucocytes 
conglomerate  less  readily;  hence  the  thrombotic  elements  do  not 
precipitate  readily  nor  adhere  to  the  vessel  wall  so  that  they  are 
carried  away.  These  results  were  constant  for  the  series  of  experi¬ 
ments  although  they  are  difficult  to  explain  at  present. 

Influence  of  Calcium  Chloride. 

The  exact  significance  of  calcium  in  fibrin  formation  is  still  unsettled. 
Blood  from  which  the  calcium  has  been  precipitated  by  oxalate  or 
citrate  will  not  coagulate,  but  the  addition  of  calcium  salts  will 
promptly  cause  it  to  coagulate.  As  to  the  influence  of  calcium  on 
blood  clotting,  the  hypothesis  usually  accepted  is  that  calcium  ions 
are  necessary  for  the  transformation  of  prothrombin  into  thrombin. 
Howell  considers  that  no  kinase  is  necessary,  the  calcium  activating 
the  prothrombin  whenever  it  is  not  inhibited  by  heparin.  On  the 
other  hand,  it  is  known  that  the  presence  of  calcium  in  high  concen¬ 
tration  in  the  blood  prolongs  the  coagulation  time  (Freund,  Rosen- 
mann  and  Loewenstein,  and  others). 

Furthermore,  Howell  and  Holt  state  that  no  amount  of  calcium 
causes  clotting  of  heparinized  blood,  showing  that  the  heparin  does 
not  act  by  decalcifying  the  blood.  Considering  the  various  roles  of 
calcium,  such  as  the  calcification  of  vessels,  the  field  of  blood  clotting, 
or  its  wide  intravenous  use  therapeutically,  it  is  of  considerable  im¬ 
portance  to  investigate  the  influence  of  calcium  on  extracorporeal 
thrombosis.  Therefore,  eight  experiments  were  performed  after 
the  preliminary  injection  of  heparin. 

Experiment  5. — Rabbit  26  weighmg  1950  gm.  was  given  40  mg.  of  heparin 
intravenously  at  1.30  p.m.  The  apparatus  was  connected  at  1.40  p.m.  and  the 
collodion  tube  surrovuided  with  1  per  cent  of  calcium  chloride  in  physiologic 
sodium  chloride  solution,  kept  at  body  temperature.  The  blood  stream  had  been 
kept  vigorous  by  twice  removing  the  obstruction  of  the  venous  cannula.  At 
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TABLE  VI. 


Size  and  Number  of  Thrombi  wilh  1  Per  Cent  Solution  of  Calcium  Chloride  Placed 
Outside  of  the  Collodion  Tube. 


Date 

No. 

Time 

Length 

Width 

No.  in 
one  field 

Remaiks 

1926 

mm. 

mm. 

Mar.  11 

4a 

4  brs. 

Small,  white  thrombi 

Within  30  min.  obstruction  and  sedi- 

covered  by  red 

mentation  (4  hrs.  and  20  min.  after 

clot 

50  mg.  heparin  injection);  clotting 
time  5  min. 

Mar.  12 

5 

2  hrs., 

0.24 

5 

Obstruction  one  time;  removed 

10  min. 

0.12 

8 

Fibrin  network 

Mar.  15 

6a 

30  min. 

0.14 

2 

15 

Apr.  25 

13b 

30  min. 

May  15 

26 

3  hrs. 

1.5 

1 

Thrombus  1  mm.  thick.  Venous  can- 

1 

nula  cleaned  up  twice  as  obstruction 

1.20 

IQ 

4 

occurred 

IQ 

4 

lE 

TABLE  VII. 


Size  and  Number  of  Thrombi  with  Hourly  Injections  of  2  Per  Cent  Solution  of 

Calcium  Chloride. 


Date 

No. 

Time 

Length 

Width 

No.  in 
one  field 

Remarks 

1926 

June  4 

41a 

hrs. 

3 

mm. 

1.10 

mm. 

0.40 

4 

June  4 

41b 

i 

3 

1 

0.16 

0.12 

15 

All  over  the  apparatus  white  thrombi 
causing  obstruction,  followed  by  red 
thrombi.  6  hrs.  and  30  min.  after  50 
mg.  heparin  (1600  gm.  body  weight) 
injection,  the  clotting  time  was  5  min., 
but  20  min.  later  it  was  2  min. 
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4.40  p.m.  the  stream  was  still  violent;  the  clottmg  time  in  vitro  was  more  than  30 
minutes.  The  apparatus  was  disconnected.  White  thrombi  in  the  tubes  were 
very  large  and  numerous  (Table  VI) ,  especially  in  the  venous  half  of  the  apparatus. 
The  venous  corner  tube  was  thickly  coated.  The  collodion  tube  contained  large 
white  thrombi  in  its  venous  half,  while  there  were  very  few  in  the  arterial  half. 

Experiment  6. — Rabbit  41a  weighing  1600  gm.  was  given  intravenously  50  mg. 
of  heparin  at  11.00  a.m.  At  11.20  the  whole  apparatus  was  connected,  and  the 
collodion  tube  surrounded  with  physiologic  sodium  chloride  solution,  kept  at  body 
temperature;  2  cc.  of  2  per  cent  solution  of  calcium  chloride  was  injected  very 
slowly  into  the  annular  circulation  through  the  rubber  tube,  which  unites  the 
arterial  cannula  and  the  arterial  side  tube;  after  that  1  cc.  of  calcium  solution  was 
injected  every  hour  in  the  same  way.  By  11.40  a.m.,  from  the  place  of  the  in¬ 
jection  down  to  the  venous  corner  tube,  numerous  white  thrombi  had  appeared; 
the  stream  was  still  vigorous.  At  2.40  p.m.,  after  3  hours,  the  blood  remained 
non-coagulable;  the  circulation  had  not  been  impeded.  3  hours  after  connection, 
the  apparatus  was  detached;  in  the  paraffined  tubes  a  goodly  number  of  large 
white  thrombi  adhered  to  the  inner  wall,  making  a  thick  coat  (Table  VII) .  Never¬ 
theless,  there  remained  a  tiny  tunnel  through  which  the  blood  had  been  steadily 
circulating.  In  the  collodion  tube,  white  thrombi  were  connected  with  one 
another  irregularly. 

When  the  collodion  tube  of  the  apparatus  is  surrounded  by  calcium 
chloride  in  physiologic  sodium  chloride  solution  (1  or  2  gm.  calcium  chlo¬ 
ride  to  100  cc.  physiologic  sodium  chloride  solution)  and  at  body  tem¬ 
perature,  the  white  thrombi  appear  chiefly  in  the  venous  half  of  the  ap¬ 
paratus  (the  paraffined  part  of  the  glass  tube  and  the  collodion  tube), 
and  as  long  as  the  incoagulable  blood  flows,  thrombi  grow  rather  more 
rapidly  than  when  physiologic  sodium  chloride  solution  is  in  the 
container;  and  the  narrow  part  of  the  venous  cannula  is  easily  ob¬ 
structed  by  masses  of  white  thrombi,  made  up  of  clumps  of  platelets 
and  leucocytes,  interwoven  by  fibrin  threads;  the  thrombi  are  not  so 
fragile  as  when  bile  salts  or  d-glucose  solutions  are  used.  Sedimenta¬ 
tion  of  erythrocytes  readily  follows,  and  fibrin  seems  to  form  easily. 
When  the  obstructing  plug  of  the  narrow  part  is  removed  as  formed, 
the  thrombi  in  the  venous  corner  tube  and  collodion  sac  develop 
more  speedily  than  in  the  case  of  sodium  chloride  solution  and  in  the 
course  of  2  or  3  hours  the  lumen  of  the  corner  tube  which  is  many 
times  wider  than  that  of  the  narrow  part  of  the  cannula,  is  nearly 
obstructed  by  a  thick  coat.  Otherwise  on  account  of  the  prompt 
plugging  of  the  narrow  part,  a  further  supply  of  hematogenic  throm- 
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botic  elements  is  lacking.  As  a  result  in  the  collodion  tube,  small 
white  thrombi  form,  which  are  almost  always  covered  by  sedimented 
erythrocytes.  Similar  findings  are  encountered  when  2  per  cent 
calcium  chloride  solution  is  injected  into  the  circulation. 

Effects  of  Magnesium  Sulfate  on  Extracorporeal  Thrombosis. 

The  foregoing  experiments  probably  shed  some  light  on  the  problem 
of  thrombosis;  however,  the  ultimate  object  of  these  investigations  was 
the  prevention  of  thrombosis,  especially  of  postoperative  pulmonary 
embolism.  For  this  purpose  no  special  prophylactic  methods  are 
commonly  adopted.  On  the  basis  that  the  slowing  of  the  blood  stream 
probably  constitutes  one  of  the  most  important  causes,  exercise  and 
movement  of  the  extremities,  and  massage  have  been  advised  by  some 
in  order  to  accelerate  the  rate  of  circulation.  Similarly,  desiccated 
thryoid  has  been  employed  by  Walters. 

Mason’s  attempts  to  protect  experimentally  against  intravascular 
clotting  with  heparin  are  praiseworthy.  But,  as  my  numerous  ex¬ 
periments  show,  the  formation  of  white  thrombi  on  the  pathologic 
lining  of  the  vessels  was  not  prevented  by  a  single  dose  of  the  heparin 
employed.  The  experiments  with  the  injection  of  hypertonic  d- 
glucose  solution  suggest  that  the  introduction  of  hypertonic  solution 
into  heparinized  blood  will  tend  to  combat  white  thrombus  formation. 
Magnesium  sulfate  also  comes  into  consideration.  It  has  been 
employed  by  Fonio  in  an  indirect  method  of  counting  blood  platelets, 
to  protect  against  the  cohesive  properties  of  the  platelets.  Some 
authors  believe  that  there  is  a  close  relationship  between  the  earlier 
stages  of  thrombosis  and  agglutinability  of  platelets.  Recently, 
Hans  Schulte  investigated  the  influence  of  hydrogen  ion  concentration 
on  agglutination  of  isolated  blood  platelets  over  a  period  of  12  hours, 
and  reported  that  it  is  most  marked  at  a  pH  of  4.3  to  3.5.  He  could 
recognize  no  influence  of  sodium  chloride  and  calcium  on  the  process. 
On  the  other  hand,  the  results  of  my  studies  on  experimental  throm¬ 
bosis  show  that  calcium  chloride  solution  seems  to  stimulate  the 
appearance  and  development  of  white  thrombi.  One  might  expect 
some  relationship  between  the  presence  of  calcium  chloride  in  the 
blood  and  the  development  of  white  thrombi.  If,  from  the  colloid- 
chemical  viewpoint,  the  thrombus  formation  is  closely  related  to  the 
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agglutination  of  platelets  as  colloidal  precipitation,  magnesium  ions 
and  other  bivalent  positive  ions  should  precipitate  the  platelets  in 
the  same  way  as  calcium  does.  Thus  the  influence  of  magnesium 
sulfate  on  thrombosis  would  appear  to  be  interesting  and  perhaps  of 
considerable  significance.  One  protocol  will  sufl&ce. 

Experiment  7. — Rabbit  38  weighing  1010  gm.,  was  given  40  mg.  of  heparin 
intravenously  at  10.25  a.m.  At  11.10  a.m.  the  apparatus  was  connected  and  the 
collodion  tube  surroimded  by  1  per  cent  magnesium  sulfate  in  physiologic  sodium 
chloride  solution.  During  3  hours  there  was  a  violent  stream  and  marked  pulsa¬ 
tion  in  the  collodion  tube  and  jugular  vein.  Clotting  time  was  more  than  30 
minutes.  There  was  no  clotting  or  obstruction.  At  2.10  p.m.  the  apparatus 
was  detached;  there  were  very  few  tiny  white  thrombi  in  the  arterial  corner  tube. 
In  one  place  in  the  upper  part  of  the  venous  half  of  the  collodion  tube  an  occasional 
tiny  white  thrombus  Vt^as  seen,  which  microscopically  consisted  of  platelets;  on 
each  of  the  thrombi  a  few  scattered  leucocytes  were  recognized.  Of  twelve 
thrombi  in  one  field,  ten  measured  0.08  by  0.04  mm.,  and  two  measured  0.10  by 
0.06  mm. 

From  four  experiments  it  was  concluded  that  when  the  collodion  tube  was 
surroimded  with  1  per  cent  solution  of  magnesium  sulfate  only  a  few  small  white 
thrombi  appeared  in  the  arterial  half  of  the  apparatus,  while  in  the  venous  half 
very  few  or  no  white  thrombi  were  found  even  when  the  rate  of  flow  was  slow 
enough  to  favor  adequate  formation  of  thrombi.  In  the  collodion  tube,  which 
is  the  lowest  and  widest  part  of  the  circulatory  loop,  small  white  thrombi,  often  of 
microscopic  size,  were  seen  after  3  hours.  The  total  number  of  such  thrombi  was 
very  small  in  comparison  with  other  experiments.  Throughout  a  3  hour  experi¬ 
ment  no  obstruction  had  occurred,  neither  did  any  thrombi  adhere  to  the  glass 
cannulas.  The  action  of  magnesium  sulfate  on  thrombosis  is  different  from  the 
action  of  calcium  chloride.  Magnesium  appears  to  protect  definitely  against 
thrombosis,  probably  by  the  precipitation  of  small  amounts  of  calcium  as  calcium 
sulfate. 

The  influence  of  the  intravascular  injection  of  magnesium  sulfate  solution  was 
next  examined.  In  two  experiments  the  effect  of  the  intravenous  injection  of 
magnesium  sulfate  solution  (50  mg.  for  each  kilo  of  body  weight  an  hour)  was  tried 
without  the  use  of  any  other  anticoagulant.  The  coagulation  time  of  the  blood 
was  increased  from  two  to  three  times  normal  and  thereby  clotting  in  the  artificial 
vascular  loop  was  prevented  for  from  25  to  30  minutes.  White  thrombus  forma¬ 
tion  was  markedly  reduced.  Thin  layers  of  blood  clot  were  observed  in  the 
collodion  tube,  and  mixed  thrombi  formed  on  the  irregular  surfaces  of  the  ap¬ 
paratus  and  also  in  the  jugular  vein.  The  venous  cannula,  and  a  little  later  the 
arterial  cannula,  were  finally  obstructed  by  small  masses  of  white  thrombi  and 
fibrin.  Despite  this,  most  of  the  blood  in  the  loop  remained  fluid. 
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In  the  next  set  of  six  experiments,  the  intravenous  use  of  a  combina¬ 
tion  of  magnesium  sulfate  and  heparin  yielded  still  more  interesting 
results. 

Experiment  8. — ^Rabbit  7  weighing  2250  gm.,  was  given  20  mg.  of  heparin  in¬ 
travenously  at  3.30  p.m.  At  the  same  time  1  cc.  of  10  per  cent  magnesium  sulfate 
was  administered  intravascularly  into  the  ear  vein.  At  4.00  p.m.  the  apparatus 
\  connected  and  the  collodion  tube  surrounded  by  physiologic  sodium  chloride 
solution  of  body  temperature.  At  4.30  p.m.  1  cc.  of  10  per  cent  magnesium  sulfate 
solution  was  injected  intravenously,  and  at  6.30  p.m.  1  cc.  was  again  injected 
intravenously.  At  7.00  p.m.,  after  3  hours  experiment,  the  streaming  was  vigor¬ 
ous;  no  thrombi  were  recognized  anywhere.  The  apparatus  was  detached.  In 
the  collodion  tube  and  glass  tubes  no  thrombi  were  found,  even  by  microscopic 
examination.  The  clottmg  time  of  the  blood  was  more  than  30  minutes. 

When  a  large  quantity  of  10  per  cent  magnesium  sulfate  solution 
was  injected  into  the  annular  circulation,  or  introduced  into  the 
general  circulation,  after  intravenous  administration  of  heparin,  no 
thrombi  appeared  for  a  certain  period  in  any  part  of  the  apparatus. 
When  physiologic  sodium  chloride  solution  was  used  around  the  out¬ 
side  of  the  collodion  tube,  without  injection  of  magnesium  solution, 
white  thrombi  appeared  in  15  minutes  in  the  venous  corner  tube;  2 
cc.  of  10  per  cent  magnesium  sulfate  solution  to  2250  gm.  of  body 
weight  protected  against  the  occurrence  of  the  first  stages  of  throm¬ 
bosis  for  a  period  longer  than  3  hours;  3  cc.  of  the  solution  to  2100 
gm.  of  body  weight  for  longer  than  6  hours.  A  few  platelet  clumps 
were  formed  despite  the  action  of  magnesium,  and  sometimes  they 
appeared  in  the  narrow  part  of  the  venous  cannula,  constituting  a 
kind  of  dam.  But  when  1  cc.  of  10  per  cent  solution  of  magnesium 
sulfate  was  injected  every  hour  into  the  circulation  of  the  rabbit,  no 
thrombi  appeared.  Besides,  throughout  the  experiments,  neither 
obstruction  of  the  circulation  nor  hindering  of  the  action  of  heparin 
has  been  observed.  3  cc.  of  10  per  cent  solution  of  magnesium  sulfate 
to  2100  gm.  of  body  weight  appears  to  be  almost  a  lethal  dose.  This 
toxicity  is  at  any  rate  a  weak  point  from  the  standpoint  of  clinical 
application,  even  though  magnesium  sulfate  solution  can  prevent 
the  first  stages  of  thrombosis. 

Ejects  of  a  Combination  of  Magnesium  Sulfate  and  Bile  Salts. — In 
order  to  see  the  antagonistic  action  between  magnesium  ions  and  bile 
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salts,  a  series  of  experiments  was  performed.  When  the  magnesium 
sulfate  solution,  in  four  experiments,  was  placed  outside  of  the  collo¬ 
dion  tube,  despite  intravascular  injection  of  bile  salts,  no  thrombi 
appeared  in  the  collodion  tube,  or  if  they  did,  they  were  scarce  and 
very  small.  It  appears  certain  that  magnesium  ions  went  through 
the  membrane  into  the  circulation,  and  acted  on  the  platelets  and 
leucocytes  in  such  a  manner  that  the  cellular  thrombotic  elements, 
passing  down  along  the  wall  of  the  sac,  were  rendered  less  prone  to 
agglutinate,  and  were  carried  away  before  they  were  precipitated, 
also  the  magnesium  sulfate  may  act  to  destroy  the  platelets.  When  a 
solution  of  bile  salts  surrounded  the  collodion  sac  and  magnesium 
sulfate  solution  was  injected  into  the  circulation,  the  formation  of 
white  thrombi  was  undoubtedly  retarded  to  a  certain  degree,  in  regard 
to  number  and  size,  in  spite  of  the  stimulating  action  of  bile  salts. 

This  suggests  that  magnesium  sulfate  in  small  amounts  will  prevent 
thrombotic  elements,  especially  platelets,  from  adhering  to  a  patho¬ 
logically  changed  vessel  wall,  partially  owing  to  the  platelet-destroy¬ 
ing  action  of  magnesium.  This  may  serve  to  prevent  thrombus 
formation.  Possibly  the  phenomena  may  be  ascribed  to  changes  in 
surface  tension. 

CONCLUSIONS. 

1.  Distilled  water  dialyzes  through  the  collodion  tube  and  causes 
hemolysis.  Clotting  of  the  hemolyzed  blood  in  the  collodion  tube 
occurs  later. 

2.  Bile  salts  accelerate  the  appearance  and  development  of  white 
thrombi  in  the  heparinized  animal.  The  masses  of  white  thrombi  are 
very  loose,  soft,  fragile  and  easily  broken  into  clumps  of  platelets. 
They  are  poor  in  fibrin  or  the  fibrin  is  abnormal,  since  they  have  less 
retractility  than  those  obtained  from  the  use  of  physiologic  sodium 
chloride  solution  or  calcium  chloride  or  serum.  Despite  the  increase 
in  number  and  size  of  white  thrombi,  normal  clotting  does  not  occur. 

3.  When  the  collodion  tube  is  surrounded  by  1  or  2  per  cent  d-glu- 
cose  solution,  tiny  and  numerous  white  thrombi  appear  as  radiating 
figures.  The  masses  of  white  thrombi  are  rather  loose  and  fragile. 
The  clotting  time  of  the  heparinized  blood  does  not  appear  to  be 
shortened. 
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4.  When  a  1  to  2  per  cent  solution  of  calcium  chloride  is  used  as  the 
dialyzing  fluid  outside  the  collodion  tube,  or  when  it  is  injected  into 
the  circulation,  the  formation  of  white  thrombi  is  accelerated.  They 
grow  very  rapidly.  In  spite  of  the  action  of  heparin, the  white  thrombi 
formed  are  not  so  fragile  as  when  bile  salts  are  placed  outside  of  the 
collodion  tube.  Fibrin  seems  to  form  easily.  Obstruction  of  venous 
cannula  takes  place  speedily  and  if  the  clots  in  the  cannula  are  not 
removed,  the  white  thrombi  in  the  collodion  tube  remain  small  and 
become  red  by  sedimentation  of  red  cells. 

5.  Intravenous  use  of  10  per  cent  solution  of  magnesium  sulfate 
without  heparin  retards  the  coagulation  of  circulating  blood  and 
permits  the  blood  to  flow  through  the  extracorporeal  loop  from  three 
to  four  times  as  long  as  normal.  The  formation  of  white  thrombi, 
as  well  as  red,  is  retarded.  Magnesium  sulfate  (1  per  cent)  in  physio¬ 
logic  sodium  chloride  solution  placed  outside  the  collodion  tube 
markedly  retards  the  formation  of  white  and  red  thrombi  in  the 
heparinized  animal.  Magnesium  sulfate  (10  per  cent),  50  mg.  for 
each  kilo  of  body  weight  each  hour,  administered  intravascularly  in 
the  heparinized  animal  definitely  prevents  the  first  stages  of  throm¬ 
bosis,  and  consequently  prevents  clotting. 

6.  It  is  possible  by  the  combined  use  of  adequate  amounts  of 
magnesium  sulfate  and  of  heparin  intravenously  to  prevent  all  stages 
of  thrombus  formation  for  from  1  to  3  hours. 


STUDIES  IN  EXPERIMENTAL  EXTRACORPOREAL 
THROMBOSIS. 

VI.  Certain  Technical  Modifications  in  Methods  of  Study. 

By  WALTER  R.  JOHNSON,  M.D.* 

{From  The  Mayo  Foundation,  Rochester,  Minnesota.) 

(Received  for  publication,  August  27,  1927.) 

In  the  first  paper  of  this  series,  a  method  for  the  study  of  extra¬ 
corporeal  thrombosis  was  presented  by  Rowntree  and  Shionoya.  The 
technic  outlined  by  them  was  followed  closely  by  Shionoya  in  all  of 
his  subsequent  experiments,  as  reported  in  Papers  II,  III,  IV  and  V. 
Later  the  problem  was  approached  from  a  somewhat  different  angle, 
and  it  was  found  desirable  to  modify  the  original  technic.  The  dis¬ 
cussion  of  such  modifications  and  extensions  forms  the  basis  of  this 
report. 

Paraffin-Coated  Apparatus. 

In  the  original  method  a  portion  of  the  apparatus  was  coated  with 
melted  paraffin,  but  the  cannulas  and  the  rubber  collars  were  left 
with  clean  uncoated  surfaces.  In  control  experiments  with  this 
technic  the  flow  through  the  apparatus  persisted  only  for  from  6  to  10 
minutes  (rarely  25  minutes  if  animals  were  exceptionally  large  and 
vigorous),  before  occlusion  of  the  lumen  occurred.  It  was  thought 
that  complete  coating  of  all  parts  of  the  apparatus  except  the  collo¬ 
dion  membrane  might  yield  results  of  interest.  To  this  end,  the  six 
glass  sections  and  the  four  rubber  collars  were  assembled  and  dipped 
into  melted  paraffin,  before  the  collodion  tube  was  attached.  The 
paraffin  v'as  cooled  carefully  in  order  to  obtain  as  smooth  an  inner 
lining  as  possible. 

With  such  preparation  of  the  apparatus,  the  flow  of  blood  through 
the  loop  could  be  maintained  with  ease  in  normal  animals  for  from  2 
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to  5  hours  instead  of  from  6  to  10  minutes,  a  striking  demonstration 
of  the  important  part  played  by  physical  variants  in  thrombosis. 

The  explanation  of  this  tremendous  increase  in  the  duration  of  flow 
was  not  far  to  seek.  With  the  original  technic  the  glass  side  tubes 
were  coated  with  paraffin  and  then  inserted  into  the  uncoated  rubber 
collars  until  the  ends  met.  If  it  were  possible  to  secure  a  water-tight 
joint  by  this  means  such  a  procedure  would  be  as  effective  as  the  coat¬ 
ing  of  the  apparatus  with  paraffin  in  the  assembled  state.  However, 
this  was  not  possible,  since  the  ends  of  the  tubes  were  not  ground  to 
fit  closely.  Thus,  when  blood  passed  from  one  paraffined  tube  into 
the  next  a  portion  of  it  came  in  contact  with  the  surrounding  rubber 
collar  and,  this  being  an  unparaffined  (“water-wettable”)  surface  it 
facilitated  the  attachment  and  disintegration  of  platelets  with  the 
consequent  formation  of  a  thrombus  at  this  point.  Furthermore, 


UnpSLraLffined.  rubber  collar 


Paraffined  glass  tube 


Fig.  1.  Sagittal  section  through  joint  of  extracorporeal  loop  (early  technic), 
o,  point  at  which  blood  came  into  contact  with  imparaffined  rubber  collar. 

since  at  this  juncture  the  lumen  of  the  apparatus  expanded  suddenly, 
eddies  were  formed,  thus  fulfilling  another  prerequisite  for  the  forma¬ 
tion  of  thrombi  (Fig.  1).  When  one  considers  that  there  were  four 
such  points  in  the  original  apparatus  and  that  the  surfaces  of  the  two 
cannulas  also  were  clean  and  unparaffined,  it  is  not  difficult  to  under¬ 
stand  how  thrombi  could  obstruct  the  lumen  in  one  of  these  areas 
within  10  minutes  in  the  normal  animal. 

If  one  is  studying  the  duration  of  flow  with  and  without  anticoagu¬ 
lant  substances  (as  did  Shionoya)  the  original  technic  is  far  better 
than  the  modification  since  it  yields  more  contrast  in  results  and 
permits  the  comparative  study  of  duration  of  flow  through  the  ex¬ 
tracorporeal  loop.  If,  on  the  other  hand,  one  wished  to  follow, 
microscopically,  the  process  of  thrombosis,  the  newer  method  is 
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preferred  since  it  allows  adequate  time  for  detailed  study  of  the  early 
stages  of  thrombosis. 


Size  of  Collodion  Tube. 

The  collodion  tubes  used  in  the  first  method  were  7,5  mm,  in 
diameter  and  the  inside  diameter  of  the  glass  tubes  was  but  2,5  mm. 
Thus,  the  lumen  was  suddenly  expanded  to  three  times  its  previous 
size  as  the  blood  left  the  arterial  corner  tube  and  entered  the  collodion 
tube.  The  formation  of  eddies  was  marked  and  the  speed  of  the 
stream  was  profoundly  decreased.  As  a  result  the  deposition  of 
platelets  and  the  formation  of  obstructing  thrombi  were  correspond¬ 
ingly  hastened.  The  large  membranes,  too,  assumed  wrinkles  of 
considerable  size  at  points  of  attachment,  another  factor  predispos¬ 
ing  to  early  thrombosis. 

In  a  later  study,  tubes  just  large  enough  to  slip  over  the  ends  of  the 
glass  tubes  were  utilized.  The  pulsation  in  these  is  less  marked,  a 
factor  worthy  of  attention  in  microscopic  observations,  and  there  is 
less  tendency  to  early  obstruction  since  the  blood  current  is  more 
rapid  and  forcible  when  the  diameter  of  the  lumen  is  decreased. 

Direct  Microscopic  Observation  of  Thrombus  Formation. 

A  microscope  and  a  carbon  arc  lamp  have  been  added  to  the  appara¬ 
tus,  making  it  possible  to  follow  the  course  of  events  in  the  transparent 
collodion  tube  throughout  the  experiment.  Using  the  low  power 
objective  as  a  water  immersion  lens,  the  surface  flow  of  blood  in  the 
tube  can  be  distinctly  seen  as  well  as  the  gradual  formation  of  white 
thrombi  from  their  earliest  stages.  Vital  stains  have  been  utilized 
in  this  connection,  1  per  cent  methylene  blue  introduced  into  the 
circulation  is  taken  up  by  the  platelet  thrombi,  and  thus  they  are 
outlined  clearly  against  the  prevailing  red  background. 

Rapid  Method  of  Permanent  Staining  of  Thrombi  on  the  Collodion 

Membrane. 

As  was  stated  in  Paper  I,  the  membranes  may  be  “observed  directly, 
or  studied  under  the  microscope  with  or  without  the  aid  of  special 
stains;  or  the  specimen  may  be  prepared  and  embedded  in  paraffin  for 
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section  staining  and  ordinary  pathologic  study.”  The  latter  method 
was  used  as  a  routine  since  it  yielded  permanent  specimens.  It 
possessed,  however,  outstanding  disadvantages;  the  time  element  was 
considerable  as  the  sections  went  through  the  busy  routine  of  the 
pathologic  section,  and  unless  there  was  a  considerable  mass  of 
thrombi  on  the  membrane  the  vertical  section  would  show  practically 
nothing.  For  a  study  of  the  early  stages  of  the  formation  of  thrombi 
on  the  membrane,  this  method  was  wholly  inadequate. 

To  supplement  the  direct  observations  through  the  low  power  of  the 
microscope,  it  was  desirable  to  study  the  membranes  with  counter¬ 
stains,  and  the  higher  magnifications.  It  was  found  difficult  and 
unsatisfactory  to  do  this  while  the  membrane  was  attached  to  the 
apparatus.  Attempts  were  then  made  to  stain  the  tubes  immediately 
following  removal  from  the  loop.  After  considerable  experimentation, 
a  satisfactory  method  was  devised  for  staining  and  observing  the 
minute  details  of  early  thrombosis  on  the  surface  of  the  membrane. 
The  tube  is  washed  gently  in  0.9  per  cent  sodium  chloride  solution 
immediately  after  its  removal  from  the  apparatus  and  segments 
about  1  cm.  square  are  clipped  out.  Some  of  these  small  portions 
are  fixed  in  the  vapor  of  1  per  cent  osmic  acid.  A  few  drops  of  dilute 
ether-alcohol-collodion  solution  are  placed  on  a  clean  glass  slide  and 
the  membrane  specimen  dried  quickly  on  the  outer  surface  with  a 
blotter  or  soft  cloth.  Then  before  the  collodion  solution  has  dried 
the  membrane  is  placed  on  it  (with  the  thromboplastic  elements 
uppermost)  and  gently  flattened.  The  preparation  is  allowed  to 
dry  for  a  few  seconds  and  is  then  placed  in  distilled  water  for  from 
2  to  3  minutes.  If  the  membrane  does  not  wash  off  in  the  water,  it 
probably  will  adhere  to  the  slide  during  the  staining  process.  The 
slide  is  then  run  through  a  hematoxylin-eosin-alcohol  series  and 
finally  through  carboxylene  and  xylene  exactly  as  though  it  were  a 
paraffin  section.  It  is  mounted  with  Canada  balsam  under  a  cover 
slip.  The  entire  process  occupies  only  from  15  to  20  minutes,  and 
several  sections  may  be  prepared  at  the  same  time. 

With  this  method  membranes  can  be  removed  from  the  extracor¬ 
poreal  loop  after  but  a  few  seconds  or  minutes  of  flow  and  the  individual 
platelets  which  are  attached  can  be  studied  long  before  a  tendency 
toward  grouping  is  manifest.  Serial  sections  are  also  possible  and 
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thus  the  gradual  growth  of  a  thrombus  from  the  first  tiny  clump  of 
platelets  to  the  leucocyte,  fibrin  and  red  cell  stage  may  be  followed 
and  preserved  in  permanent  sections.  These  sections  are  really 
bird’s-eye  pictures  of  the  progress  of  events  on  the  surface  of  the 
membrane,  and  supplement  adequately  the  observations  made 
directly  with  the  arc  lamp  and  low  power  objective  during  the  course 
of  the  experiment. 


Fig.  2.  a,  piston  moving  outward  (opposite  b)  and  current  through  b',  while 
a'  is  closed  by  valve,  b,  method  of  attachment  of  extracorporeal  loop  to  intake 
and  discharge  pipes  (a'  and  b')  of  Woodyatt  pump.  Piston  moving  into  cylinder — 
current  through  o'  while  b'  is  closed  by  valve. 

Artificial  Heart. 

The  extracorporeal  loop,  minus  the  cannulas  but  supplied  with  an 
expansion  chamber,  was  attached  to  the  two  valves  of  the  Woodyatt 
pump.  All  surfaces  were  carefully  coated  with  paraffin  so  that  at 
no  point  would  the  contained  blood  come  into  contact  with  a  water- 
wettable  surface.  Whole  blood  was  run  directly  into  the  apparatus 
from  a  greased  cannula  in  the  carotid  artery  of  a  rabbit.  The  motor 
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was  started  immediately  and  a  continuous  flow  of  blood  through  the 
loop  was  obtained.  Thrombus  formation  in  the  collodion  tube  pro¬ 
ceeded  at  the  same  rate  as  in  the  normal  animal,  but  the  thrombi  were 
laid  down  in  longitudinal  streaks  because  of  the  absence  of  eddies. 

The  alternate  suction  and  expulsion  of  the  single  cylinder  of  the 
pump  imparted  an  intermittent  motion  (stop-flow-stop-flow)  to  the 
blood  in  the  apparatus.  The  expansion  cham.ber  overcame  this 
disadvantage  to  a  certain  extent  and  a  fairly  continuous  flow  was 
finally  obtained.  Eddy  formation  being  minimal  because  of  the  slow 
speed  of  the  stream,  white  thrombi  (and  later,  fibrin)  were  laid  down 
in  longitudinal  striations,  instead  of  in  the  usual  manner.  This  is 
another  confirmation  of  the  importance  of  eddy  formation  in  the 
growth  of  thrombi  (Fig.  2). 

Platelet-containing  oxalate  plasma  was  used  in  the  same  manner; 
on  recalcification  some  platelet  deposit  and  fibrin  formation  was 
evident.  Since  the  staining  method  had  not  been  worked  out  at  this 
time,  no  microscopic  studies  were  possible. 

Additional  Modifications. 

Instead  of  the  test-tube  dialyzing  jacket  originally  used,  a  small 
chamber  2.5  by  7.5  by  1.7  cm.  made  of  glass  cemented  with  balsam 
has  been  substituted.  This  chamber  is  more  stable,  holds  more  fluid 
and  permits  agitation  of  contents  while  dialyzing  experiments  are 
carried  on.  It  is  also  better  adapted  for  use  when  direct  microscopic 
observations  are  being  made. 

In  the  selection  of  arterial  cannulas,  it  is  well  to  use  the  largest  one 
which  can  be  slipped  into  the  vessel.  As  has  been  shown  elsewhere, 
the  more  the  cannula  is  constricted  the  more  easily  do  obstructing 
thrombi  form. 

The  medial  branch  of  the  external  jugular  vein  of  the  rabbit  possesses 
a  valve  system  near  the  point  of  juncture  which  prevents  reflux  of 
blood  into  this  branch.  Consequently  when  the  vein  is  ligated  above 
this  point  it  promptly  collapses  and  it  cannot  be  refilled  except  from 
above.  It  may  be  incised  and  a  cannula  inserted,  without  the  necess¬ 
ity  of  clamping,  since  there  is  no  loss  of  blood.  Thus  unnecessary 
trauma  to  the  delicate  intima  is  averted  and  the  formation  of  thrombi 
in  the  vein  practically  ceases  to  be  a  consideration. 


WALTER  R.  JOHNSON 


985 


CONCLUSIONS. 

As  the  result  of  these  modifications,  many  of  which  in  themselves 
may  appear  trifling,  the  course  of  events  in  the  extracorporeal  loop 
is  greatly  affected.  White  thrombi,  it  is  true,  are  laid  down  in  from 
10  to  20  minutes,  but  the  formation  of  fibrin  sufficient  to  cause  ob¬ 
struction  is  prevented  for  3  hours  or  more.  Thus,  the  observations 
in  normal  animals  tend  to  approach  those  described  in  Paper  III, 
after  the  use  of  anticoagulants  such  as  heparin  and  hirudine.  The 
new  technic  offers  certain  advantages  in  the  study  of  the  details  of 
the  early  stages  of  thrombosis. 


THE  MECHANISM  OF  THE  INFLAMMATORY  PROCESS  * 


I.  The  Electrophoresis  of  the  Blood  Cells  of  the  Horse  and 
Its  Relation  to  Leucocyte  Emigration. 

By  HAROLD  A.  ABRAMSON, t  M.D. 

{From  the  Kaiser  Wilhelm  Institute  for  Physical  Chemistry  anf,  Electrochemistry, 
Berlin-Dahlem,  Germany.) 

(Received  for  publication,  July  6, 1927.) 

The  present  status  of  the  relationship  between  the  electrokinetic 
potential  of  leucocytes  and  the  potential  differences  existing  between 
injured  and  uninjured  tissue  zones,  points  to  a  situation  which  is  not 
alone  unsolved  quantitatively  but  also  qualitatively;  but  its  solution 
presents,  perhaps,  a  hopeful  answer  to  the  question  of  leucocytic 
migration  in  response  to  injury. 

HISTORICAL. 

Dineur  (1)  (1893)  seems  to  have  been  the  first  investigator  who  attempted  to 
study  the  electrical  charge  on  white  blood  cells.  He  placed  platinum  wires  that 
had  been  sealed  into  glass  capillaries  into  the  normal  and  inflamed  peritoneal 
cavities  of  the  frog.  Leucocytes  tended  to  enter  the  capillaries  in  the  absence 
of  a  current.  In  normal  frogs,  upon  the  passage  of  a  current,  more  leucocytes 
went  to  the  anodal  capillary,  but  just  the  reverse  occurred  in  frogs  with  peritoneal 
exudates.  In  the  latter,  the  leucocytes  seemed  to  be  positively  charged,  wandering 
in  greater  numbers  to  the  cathode.  From  that  time  until  the  present  no  work 
has  apparently  been  done  which  defines  quantitatively  the  speed  of  leucocytic 
migration  and  a  possible  {  potential.  Further,  the  conditions  of  the  previously 
undertaken  investigations  have  been  so  ill  defined  according  to  our  present  knowl¬ 
edge  of  the  behavior  of  charged  colloidal  particles,  that  the  investigators’  state¬ 
ments  seemingly  disagree  even  as  to  whether  leucocytes  wander  to  the  anode  or 
to  the  cathode. 

Lillie  (2)  (1903)  studied  the  white  blood  cells  of  the  frog  suspended  in  isotonic 


•  Unless  otherwise  stated  in  this  and  the  following  papers,  the  word  “inflamma¬ 
tion”  is  used  in  a  strictly  limited  sense;  i.e.,  the  wandering  of  a  white  blood  cell 
to  a  point  of  injury. 
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sugar-NaCl  solution.  Under  these  conditions  it  was  found  that  lymphocytes 
wandered  to  the  anode;  the  polymorphonuclear  leucocytes  to  the  anode  or 
cathode,  or  even  remained  stationary.  Hober  (3)  the  following  year  maintained 
that  frog  leucocytes  were  negatively  charged.  In  1914,  Schwyzer  (4),  over¬ 
looking  the  definite  results  of  Lillie  and  Hober,  stated  that  the  work  of  Dineur 
was  untrustworthy,  and  that  his  own  efforts  to  produce  cataphoresis  of  leucocytes 
in  tissues  were  unsuccessful.  Schwyzer,  however,  was  the  first  to  hint  that 
electrical  differences  of  potential  may  play  a  part  in  producing  the  appearances 
of  inflammation.  He  states:  “Der  Weg  zur  Emigration  wirddurchdie  Elektro- 
nenstrome  angedeutet,  und  die  Pseudopodien  werden  durch  diese  Strome  in  der 
schwachsten  Stelle  der  Membran  [capillary  wall]  gerichtet.  Die  Leucocyten- 
wandenmg  im  Gewebe  wird  also  chemotaktisch  aufgefasst,  konnte  aber  auch 
durch  lonenwirkung  erklart  werden.”  Mendelssohn  (5)  observed  that  leuco¬ 
cytes  wandered  to  the  cathode.  The  work  done  by  Hober  and  his  coworkers 
later  leads  him  to  state  (6) :  “Dies  hangt  damit  zusammen,  dass  nach  der  Kata- 
phoresegeschwindigkeit  und  nach  der  Entladbarkeit  mit  La  beurteilt,  das 
f  potential  der  Leucocyten  nur  schwach,  negativ,  null,  oder  schwach  positiv  ist.” 
Eliasoph  (7)  foimd  that  gelatin  suspensions  of  leucocytes  wandered  to  the  plati- 
mun  anode,  and  that  if  the  electrodes  were  buried  in  splenic  tissue,  there  was  also 
anodal  migration.  Unfortunately,  non-polarizable  electrodes  were  not  used  by 
Eliasoph.  Feringa  (8)  (1922,  1924)  mentions  qualitative  experiments  with 
rabbit  and  other  white  cells.  He  found  them  to  be  negatively  charged,  but  no 
quantitative  data  are  given  concerning  speed  or  potential.  Feringa  states  that 
lymphocytes  do  not  move  as  quickly  as  leucocytes  cataphoretically.  This  will  sub¬ 
sequently  be  shown  to  be  probably  a  misinterpretation.  This  author,  agreeing  with 
Schwyzer,  believed  that  the  potential  difference  between  injured  and  uninjured 
tissues  caused  leucocytic  migration  to  a  point  of  injury,  the  basis  of  this  taken 
as  pH  changes.  His  observations  that  leucocytes  in  general  move  with  ameboid 
movements  toward  the  anode  on  an  agar  floor  had  not  been  noted  by  Abramson  (9) 
on  a  glass  floor  for  a  small  potential  difference.  However,  studies  on  the  floor 
of  an  electrophoresis  chamber  are  complicated  by  at  least  the  following:  (1)  the 
nature  of  the  floor  and  its  influence  on  the  particle  itself;  and  (2)  the  fact  that  the 
suspending  medium  is  also  charged  relative  to  the  floor.  In  general,  alkaline 
fluids  near  the  floor  of  a  cataphoresis  chamber  are  positively  charged  and  move 
toward  the  cathode.  Before  one  can  state,  therefore,  that  ameboid  motion  is 
influenced  by  an  electric  current,  it  must  be  ascertained  whether  leucocytes 
would  migrate  against  a  moving  stream  of  fluid  as  occurs  in  the  instance  of 
spermatozoa  which  move  against  the  ciliary  stream  in  the  ducts  of  the  female 
generative  organs. 

Abramson  (9, 10)  during  the  same  year  (1924)  published  studies  on 
human  lymphocytes  suspended  in  serum.  He  found  human  Ijmipho- 
cytes  to  be  definitely  negatively  charged  and  estimated  the  mean 
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cataphoretic  velocity  (C.V.)  semiquantitatively  at  0.3^  per  volt  per  cm. 
per  sec.  Further,  lymphocytes  kept  on  ice  during  a  period  of  30  hours 
did  not  appreciably  alter  the  speed  of  migration.  The  work  on  human 
lymphocytes  was  undertaken  in  order  to  test  a  hypothesis  then  pro¬ 
posed  which  attempted  to  correlate  quantitatively  the  order  of  magni¬ 
tude  of  the  potential  differences  in  injured  tissues  and  the  speed  of 
white  cell  cataphoresis  (see  Fig.  2).  The  researches  of  Du  Bois- 
Reymond  (11),  Biedermann  (12),  and  Hermann  (13)  pointed  to  the 
fact  that  negative  electricity  could  be  conducted  from  injured  tissue 
surfaces.  Potential  differences  between  injured  and  uninjured  sur¬ 
faces  up  to  about  .1  volt  had  been  recorded.  With  this  in  mind,  it 
seemed  possible  that  the  border  of  a  zone  of  injury  relative  to  the 
comparatively  uninjured  cells,  capillary  w’all,  and  blood  stream  could 
be  positively  charged.  As  the  surrounding  tissue  and  tissue  fluids  are 
conductors,  a  continuous  current  must  flow  between  uninjured  and 
injured  tissues,  the  energy  coming  from  the  metabolic  changes  inci¬ 
dental  to  injury.  It  was  then  shown  that  the  order  of  magnitude  of 
the  potential  drop  betw'een  uninjured  and  injured  tissues  was  probably 
the  same  as  that  necessary  to  cause  white  blood  cell  migration  as  far  as 
lymphocytes  were  concerned.  That  this  is  also  true  for  polymor¬ 
phonuclear  leucocytes  as  well  will  be  shown  in  this  communication, 
and  data  will  be  presented  concerning  the  absolute  velocities  of  horse 
polymorphonuclear  leucocytes  and  lymphocytes  in  plasma  and  serum. 
Observations  also  have  been  made  concerning  cataphoresis  in  gels  and 
their  viscosity.  The  significance  of  these  data  in  relation  to  the 
inflammatory  process  will  be  demonstrated. 

Methods. 

The  method  in  detail  of  determination  of  the  C.  V.  of  cell  migration  is  pre¬ 
sented  elsewhere  in  connection  with  the  more  physical  aspects  of  the  present 
studies  (14).  In  brief,  a  microscopic  method,  similar  to  that  used  by  Northrop 
(15),  was  employed  which  permitted  fairly  accurate  measurement  of  red  cell 
velocity  at  different  levels  in  the  cataphoresis  chamber.  From  these  data  the 
velocity  of  the  medium,  V„,  in  a  given  level  of  the  cell  could  be  calculated.  The 
actual  velocity  of  the  white  cells,  V,  is  then, 

V  =  Vo- V„ 

where  ¥„  is  the  observed  velocity  in  the  particular  level.  The  potential  drop  in 
the  cell  during  the  measurements  was  usually  of  the  order  of  15  volts  per  cm. 
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The  Calculation  of  f  Potential  and  the  Viscosity  of  the  Suspending 

Medium. 

As  is  well  known  (16)  the  flow  of  certain  colloidal  solutions  through  a 
capillary,  in  particular  the  lyophilic  sols,  does  not  follow  the  Poiseuille 
formula.  That  is,  with  different  pressures  exerted  on  the  moving 
column,  different  values  of  “viscosity”  are  obtained.  The  smaller 


Volts  per  cm. 

Fig.  1.  The  C.  V.  of  red  cells  in  plasma  is  proportional  to  the  applied  v.  d. 
The  same  linear  relationship  exists  for  serum. 

the  pressure,  the  greater  is  the  “elasticity”  of  the  solution.  Blood 
shows  this  elastic  effect  to  a  slight  degree. 

HKt 

From  consideration  of  the  Helmholtz-Lamb  equation,  v  =  — — - 

dTTJJ 

{  V  =  velocity,  K  =  dielectric  constant  of  the  medium,  H  =  po¬ 
tential  drop  per  cm.,  f  =  electrokinetic  potential,  rj  =  viscosity) 
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(all  units  are  electrostatic),  it  follows  that  in  a  system  where  the 
elasticity  of  the  medium  could  hinder  migration,  v  would  not  be  pro¬ 
portional  to  H. 

Fig.  1  shows  that  marked  differences  in  H  produce  a  particle  velocity 
which  follows  the  conventional  Helmholtz-Lamb  equation,  and  con¬ 
sequently  demonstrates  that  under  these  conditions  plasma  and  serum 
have  no  “  elasticity.  ”  Accordingly  taking  the  value  of  .02  for  85  for 
K  (Fiirth),  and  the  observed  values  for  the  other  factors,  it  follows 
that  for  a  drop  in  potential  of  1  volt  per  cm.  at  18®  the  electrokinetic 
potential 

_  4  X  3.14  X  .02  X  (300) « 

85 

=  (26.5  X  velocity  in  n  per  sec.)  millivolts. 

Evidence  has  also  been  obtained  by  Freundlich  and  Abramson  (14) 
that  the  migration  of  the  micellae  of  certain  “elastic”  gelatin  gels 
has  the  same  speed  in  the  gel  that  is  found  in  the  sol.  In  this  in¬ 
stance,  a  linear  relationship  between  H  and  C.V.  has  also  been  found. 
This  strongly  suggests  that  extremely  small  differences  of  potential 
existing  in  tissues  could  produce  particle  migration  even  though  a 
viscous  gel-like  medium  was  present. 

The  Electrophoresis  of  Erythrocytes. 

Plasma  suspensions  of  leucocytes  and  red  cells  were  obtained  by 
oxalating  1  litre  of  freshly  shed  horse  blood  with  8.5  cc.  of  the  saturated 
solution  of  the  potassium  salts.  Table  I  gives  the  C.V.  of  red  cells  in 
plasma  obtained  from  seven  different  horses.  The  mean  value  .98  n 
per  volt  per  cm.  per  sec.  for  plasma  agrees  quite  well  with  the  mean 
value,  1.01/i  per  volt  per  cm.  per  sec.  obtained  in  serum  from  ten 
other  horses.  The  data  for  serum*  are  published  elsewhere  (14). 

‘  The  viscosity  of  serum  is  actually  5-10  per  cent  lower  than  that  of  plasma. 
This  difference  is  here  neglected. 

*  The  data  for  serum  include  studies  made  on  aggregates  of  red  cells  and  red 
cell  rouleaux.  It  was  found  that  the  C.  V.  of  different  shaped  aggregates 
were  identical  with  one  another  and  with  single  cells.  The  significance  of  these 
facts  is  discussed  (14). 
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Keeping  the  cells  on  ice  during  a  period  of  3  days  or  less  did  not  change 
the  C.V.  It  may  be  recalled  that  the  isoelectric  point  of  fibrinogen 
is  in  the  region  pH  8.0.  Plasma  contains  .1  to  .4  per  cent  of  this 
protein.  The  isoelectric  point  of  the  other  proteins  present  is  in  the 
region  pH  5.0.  As  the  isoelectric  points  of  the  proteins  influence  the 
f  potential,  different  C.V.  could  have  been  expected  from  plasma 
and  serum  cell  suspensions. 

TABLE  I. 


The  Electrophoresis  of  Red  Cells  in  Plasma.  Seven  Different  Horses. 


Plasma 

Age  of  cells 

Speed 

f  potential 

hrs. 

It  per  sec.  per  volt  per  cm. 

millivolts 

A 

30 

1.04 

27.5 

B 

30 

1.02 

27.0 

B 

.90 

24.0 

C 

6 

1.07 

28.0 

C  serum 

6 

1.06 

28.0 

C 

30 

1.01 

27.0 

F 

6 

.97 

26.0 

F  serum 

6 

.94 

25.0 

H 

6 

.91 

24.0 

I 

6 

.90 

24.0 

I 

1.01 

27.0 

J 

6 

.95 

25.0 

Mean  plasma . 

Mean  serum  (10  horses) . 

.98 

1.01 

26.0 

27.0 

The  Electrophoresis  of  White  Cells.^ 

Polymorphonuclear  leucocytes  (P)  wander  in  plasma  (Table  II) 
with  a  mean  C.V.  of  .54/i  per  volt  per  cm.  per  sec.  (seven  horses). 
This  value  is  about  half  that  found  for  red  cells  from  the  same  group 

•  The  C.  V.  of  blood  platelets  has  also  been  studied  and  will  be  presented  in  a 
subsequent  communication. 
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(98:54).  The  calculated  mean  f  potential  is  14.5  millivolts.  Small 
lymphocytes  (SRC)  wander  in  plasma  about  20  per  cent  faster  than 
polymorphonuclear  cells.  Because  of  the  presence  of  blood  platelets, 
optimal  optical  conditions  were  not  present  for  differentiation  of 
polynuclear  cells  and  round  ceils.  For  this  reason,  serum  was  studied 
in  greater  detail;  but  it  was  quite  clear  that  the  same  relationships 
held  for  serum  and  plasma.  1 1  both  instances,  as  found  previously  for 
human  lymphocytes,  keeping  the  cells  on  ice  up  to  48  hours  did  not 
alter  the  C.V. 


TABLE  II. 


The  Electrophoresis  of  White  Blood  Cells  in  Plasma  {Seven  Horses). 
(P)  =  polymorphonuclear  leucocyte.  (SRC)  =  small  lymphocyte. 


Plasma 

Age  of  cells 

Corrected  speed 

r  potential 

hrs. 

H  per  volt  per  cm.  per  sec. 

millivolts 

1  (P) 

30 

.51 

13.5 

1  (SRC) 

.61 

16.0 

2  (P) 

6 

.46 

12.0 

3  (P) 

6 

.59 

15.5 

3  (P)  serum 

6 

.50 

13.5 

3  (P) 

30 

.57 

15.0 

4  (P) 

6 

.57 

15.0 

5  (P) 

6 

.47 

12.0 

5  (SRC) 

6 

.60 

15.5 

6  (P) 

6 

.58 

15.5 

7  (P) 

6 

.58 

15.5 

Mean  (P) . 

.54 

14.5 

Red  cell  98 


Table  III  is  a  summary  of  experiments  with  cells  in  serum  taken 
from  six  different  horses;  the  mean  velocity  of  polymorphonuclear 
leucocytes  observed  in  this  series  of  experiments  was  .51m  per  volt  per 
cm.  per  sec.  The  calculated  f  potential  was  13.5  millivolts.  Lym¬ 
phocytes  have  given  a  mean  velocity  of  .60m  per  volt  per  cm.  per  sec. 
with  a  f  potential  of  17.0  millivolts.  It  is  preferred  to  take  the 
values  given  in  the  tables  for  large  round  cells  (LRC)  as  approximate 
because  of  the  difficulties  incidental  to  differentiation  of  unstained  cells. 
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TABLE  III. 


The  Electrophoresis  of  White  Blood  Cells  in  Serum.  Six  Different  Horses. 
(LRC)  =  large  round  cell. 


Type  of 
cells 

Age  of  cells 

Corrected 
mean  (F)  ' 

S'  potential 

Remarks 

h 

1  per  volt  per 
cm.  per  sec. 

1  P 

30  hrs. 

.50 

P  is  a  mean  of  3  values  .49,  .58,  .43  ob- 

SRC 

.59 

15.5 

tained  from  different  levels  in  cell.  These 
do  not  agree  as  well  with  one  another  as 
those  given  below  taken  in  the  midregion. 

2P 

6  “ 

.51 

13.5 

Although  a  different  chamber  than  above 

SRC 

.60 

17.0 

was  used  in  this  experiment,  the  agree- 

2a  P 

30  “ 

.50 

13.0 

ment  is  excellent  P  —  SRC  are  mean  of  2 

SRC 

.62 

16.5 

experiments. 

LRC 

.55 

14.5 

3P 

3  days 

.61 

16.0 

In  this  serum,  3  days  old,  although  higher 

SRC 

.74 

14.5 

values  have  been  noted,  the  ratio  P/SRC 
is  practically  the  same  as  above. 

4P 

2  “ 

.55 

14.5 

SRC 

.66 

17.5 

5P 

6  hrs. 

.47 

12.5 

SRC 

.54 

14.0 

6P 

6  “ 

.54 

14.5 

Mean  as 

above:  1  P 

2P 

2a  P 

4P 

.51 

13.5 

SRC  17.0 

P  13.5 

5P 

6P 

ISRC 

2  SRC 

2a  SRC 

.60 

17.0 

Red  cells  27  ^ 

4  SRC 

5  SRC 

P  13.5 
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TABLE  IV. 


Typical  Protocols  of  Experiments  to  Determine  Leucocyte  Velocity.  Horse 
Serum  and  Cells. 

Column  1,  6  hrs.  old.  Column  2,  30  hrs.  old. 


No. 

Type 

B 

B 

fpo- 

ten- 

tial 

No. 

Type 

B 

B 

f  po- 
ten- 
tial 

milli- 

milli- 

volts 

volts 

1 

P 

.73 

.48 

12.5 

1 

P 

.76 

.54 

2 

P 

.68 

.45 

2 

P 

.70 

.48 

12.5 

Kl 

Em 

.87 

.62 

16.5 

Chamber 

3 

P 

.72 

.50 

refilled 

4 

P 

.69 

.45 

12.0 

4 

p 

.71 

.48 

12.5 

5 

SRC 

.82 

.60 

16  0 

5 

p 

7." 

..55 

6 

.79 

.55 

14.5 

6 

p 

.77 

.57 

7 

LRC 

.81 

.60 

16.0 

7 

p 

.77 

.57 

8 

SRC 

.90 

.67 

18.0 

8 

p 

.68 

.47 

12.5 

9 

SRC 

.76 

.56 

15.0 

9 

p 

.71 

.51 

SRC 

.97 

.72 

19.0 

10 

SRC 

.85 

.64 

11 

LRC 

.76 

.51 

13.5 

11 

LRC 

.65 

.44 

11.5 

12 

SRC 

.82 

.61 

16.0 

12 

SRC 

Will 

.81 

21.5 

13 

SRC 

.90 

.65 

17.5 

13 

P 

.69 

mm 

13.0 

Refilled 

14 

P 

.74 

.53 

14.0 

14 

P 

.63 

.47 

12.5 

15 

P 

.67 

.46 

12.0 

15 

P 

.68 

.41 

12.5 

16 

P 

.93 

.73 

19.0 

16 

SRC 

.76 

.61 

1^ 

Refilled 

17 

P 

.79 

.46 

17 

SRC 

.79 

.59 

15.5 

18 

P 

.74 

.52 

18 

P 

.76 

.54 

14.5 

19 

P 

74 

.52 

19 

P 

.68 

.48 

13.0 

20 

P 

.74 

.52 

20 

P 

.76 

.57 

21 

P 

.69 

.47 

12.5 

21 

P 

.75 

.54 

14.5 

22 

SRC 

.79 

.54 

14.5 

22 

SRC 

.83 

.62 

16.5 

23 

SRC 

.86 

.61 

mfm 

23 

P 

.49 

24 

P 

.79 

.55 

14.5 

24 

SRC 

.69 

18.5 

25 

LRC 

.79 

.57 

■I.IO] 

25 

LRC 

.66 

17.5 

26 

SRC 

.84 

.63 

16.5 

26 

1 

27 

P 

.69 

.45 

— 

28 

SRC 

.83 

.60 

29 

P 

.76 

.53 

IQR 

30 

P 

.76 

.53 

■Hff 

T> 

Mean  SRP . 

.66 

17.5 

Mean  P . . . 

m 

Mean  SRC 

.67 

16.5 

Mean  LRC 

.55 

14.5 
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The  C.V,  of  single  polynuclear  cells  in  serum  and  plasma  was  quite 
constant.  In  the  same  preparation  (Table  IV,  Column  1)  all  but  one 
cell  of  this  type  wandered  with  a  speed  which  varied  between  .45  and 
.57 n  per  volt  per  cm.  per  sec.  This  variation  appears  to  be  much  less 
from  qualitative  observation.  Three  or  four  leucocytes  accidentally 
suspended  at  the  same  level  migrate  with  the  same  velocity.  The 
mean  value,  therefore,  of  the  sixteen  cells  closely  approaches  the  true 
value  of  the  absolute  velocity  for  the  preparation,  .5lu  per  volt  per  cm. 
per  sec.  The  mean  f  potential,  calculated  as  described  heretofore  is 
(26.5  X  .51)  13.5  millivolts. 

The  behavior  of  the  lymphocytes  is  as  interesting  as  it  is  inexpli¬ 
cable.  Although  a  smaller  variation  in  velocity  was  expected  because 
of  the  regularly  spherical  shape,  as  the  table  indicates,  the  velocity  of 
these  round  cells  varies  considerably.  In  general,  it  may  be  stated 
the  small  lymphocytes  wander  about  15  to  30  per  cent  faster  than 
polymorphonuclear  cells.  The  six  lymphocytes  whose  velocities  are 
noted  had  a  mean  speed  of  .66u  per  volt  per  cm.  per  sec.  The  calcu¬ 
lated  potential  is  (26.5  X  .66)  17.5  millivolts.  Frequently,  round  cells 
are  observed  which  migrate  more  slowly  than  polymorphonuclear 
leucocytes.  Cell  11,  for  example,  was  of  the  large  mononuclear  type 
(LRC).  Its  migration  speed  was  only  .44/i  per  volt  per  cm.  per  sec. 
On  the  other  hand.  Cell  6,  a  polymorphonuclear  leucocyte,  migrated 
with  a  velocity  of  .73  per  sec.  These  differences  are  all  the  more 
striking  when  observed.  The  lymphocytes  overtake  the  leucocytes; 
the  red  cells  go  swiftly  by  with  a  velocity  practically  twice  as  fast;  and 
then  suddenly,  one  may  observe  a  round  cell  overtaking  another  round 
cell,  or  a  leucocyte  exhibiting  the  unusual  property  of  migrating  faster 
than  a  lymphocyte.  This,  however,  is  rare.  On  the  other  hand, 
although  potential  drops  per  cm.  as  high  as  30  volts  had  been  used, 
leucocytes  (20°  C.)  that  had  settled  to  the  glass  exhibited  no  movement 
in  either  direction  and  could  not  be  removed  by  a  powerful  stream  of 
saline  forced  through  the  electrophoresis  chamber.  Feringa’s  experi¬ 
ments  with  an  agar  floor  were  not  repeated  because  of  the  questionable 
influence  of  water  flow  on  the  ameboid  movements  of  the  cells  men¬ 
tioned  previously.  The  data,  however,  given  in  the  tables  represent 
absolute  velocity  within  the  cells  irrespective  of  the  water  flow  and  of 
ameboid  movements. 
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DISCUSSION. 

It  has  been  stated  that  the  present  study  was  a  continuation  of  the 
work  previously  done  on  human  lymphocytes  in  an  attempt  to  correlate 
quantitatively  the  electrokinetic  potential  of  white  blood  cells  with  the 
differences  of  potential  passing  between  injured  and  uninjured  tissues 

(9, 10). 

The  following  discussion  is  in  continuation  of  this  attempt  to  estab¬ 
lish  a  quantitative  basis  for  this  theory  of  the  mechanism  of  inflamma¬ 
tion.  It  may  be  again  emphasized  here  that  other  views,  such  as 
those  of  chemotaxis,  of  surface  tension,  etc.,  are  not  meant  to  be  ex¬ 
cluded.  As  will  be  shown,  however,  there  are  two  quantities;  (1) 
the  speed  of  white  cells  per  volt  per  cm.,  per  sec.;  and  (2)  the 
P.D.  existing  in  living  injured  tissues,  whose  order  of  magnitude 
can  be  presented  with  a  fair  degree  of  certainty — a  degree  of  certainty 
which  will  permit  of  a  correlation  of  the  two,  and  of  a  definition  in  a 
limited  sense  of  several  physicochemical  factors  incidental  to  the  in¬ 
flammatory  process. 

The  preceding  data  lead  one  to  suspect  that  mammalian  white  cells 
are  negatively  charged  and  move  with  an  appreciable  velocity  under 
a  P.D.  of  1  volt  per  cm.  toward  the  anode.  With  this  in  mind,  the 
nature  and  order  of  magnitude  of  the  p.d.  between  injured  and  normal 
tissues  will  be  described.  It  is  well  known  that  the  surfaces  of  injured 
tissues  are  negative  to  the  uninjured  surface  (15).  That  the  uninjured 
surface  of  an  injured  muscle  is  comparable  to  the  uninjured  underlying 
tissue  is  shown  by  the  following  experiment.  If  a  carefully  dissected 
frog  muscle  be  cross-sectioned,  the  injured  surface  at  the  moment  after 
cutting  shows  only  a  small  fraction  of  the  maximum  e.m.f.  which 
appears  only  after  a  considerable  interval  (17, 11, 13). 

Differences  in  potential  arising  in  tissues  incidental  to  injury  cannot 
have  their  sources  in  electrode  potentials  as  no  metal  is  present.  Con¬ 
sequently  the  currents  passing  between  injured  and  uninjured  tissues 
must  have  their  origins  either  in:  (1)  diffusion  potentials  which  are 
based  upon  differences  in  ionic  molarities,  or  (2)  membrane  potentials, 
potentials  produced  by  intervening  phases — most  probably  both. 
From  the  former,  slight  electromotive  forces  are  to  be  expected  not 
greater  than  .01  volt.  On  the  other  hand,  membrane  potentials  are 
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usually  of  the  order  of  .02  to  .1  volt.  Michaelis’  discussion  of  the 
physiological  significance  of  diffusion  potentials  does  not  give  them  a 
particularly  important  position  (18).  In  the  instance  of  an  injured 
tissue  zone,  the  presence  of  a  new  phase  would,  it  is  true,  produce  in  all 


Fig.  2.  Note  the  absence  of  intervening  membranes  in  the  spaces  where 
leucocytic  migration  occurs  between  injured  area  and  capillary  wall.  This 
structural  homogeneity  lends  aid  to  the  supposition  that  the  conductivity  and 
hence  the  drop  in  potential  is  fairly  uniform.  For  further  description  see  text. 

probability  potential  differences  of  the  order  of  magnitude  possessed 
by  membrane  potentials.^  The  main  drop  in  potential,  however,  may 
be  across  the  phase  producing  the  potential.  A  particle,  migrating 

*  As  for  example  in  muscle.  A  resting  muscle  is  isoelectric.  With  the  pro¬ 
duction  of  an  injured  surface  the  varying  permeability  of  the  membrane  of  the 
muscle  cells  for  anions  and  cations  may  produce  P.  D.  of  the  order  of  magnitude 
of  membrane  potentials. 
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cataphoretically,  would  thus  be  out  of  range  of  the  main  drop  in  poten¬ 
tial  except  when  migrating  through  the  phase — e.g.,  the  wall  of  a 
capillary.  That  diffusion  potentials  may  play  a  significant  r61e  in  the 
production  of  cataphoretic  migration  is  shown  by  the  following. 

Reference  to  Fig.  2  shows  that  negative  electricity  is  drawn  from 
an  injured  surface.  Consequently  electrons  flow  from  uninjured  tissue 
zones  to  injured  tissue  zones,  making  the  injured  area  electropositive. 
That  an  injured  area  is  relatively  positive  is  made  all  the  more  probable 
by  the  fact  that  injured  tissues  have  a  lower  pH  than  the  blood  in  the 

TABLE  v. 


This  table  demonstrates  that  even  with  minimum  potential  differences  between 
injured  and  uninjured  zones  appreciable  drops  in  potential  per  cm.  should  be 
found,  even  with  maximum  distances. 


Distance  between  injured  zone  and 
capillary  or  normal  tissue . 

1  100(1 

50(1 

25(1 

10(1 

Possible  potential  differences  between 
injured  and  uninjured  tissue 

Drop  in  potential  in  tissue 

volts 

volts  per  cm. 

volts  per  cm. 

volts  per  cm. 

volts  per  cm. 

.001 

.1 

.2 

.4 

1.0 

.005 

.5 

10 

2.0 

5.0 

.010 

1.0 

2.0 

4.0 

10.0 

.050 

5.0 

10.0 

8.0 

20.0 

.100 

10.0 

20.0 

40.0 

100.0 

capillaries  and  adjoining  normal  tissues  (19).  Consequently,  the 
higher  hydrogen  ion  concentration  (see  Fig.  2)  again  would  lead  one 
to  believe  that  injured  tissue  was  electropositive. 

Before  discussing  the  order  of  magnitude  of  the  p.d.  exi.sting  between 
injured  and  uninjured  zones,  it  should  be  recalled  that  p.d.  is  expressed 
in  volts  per  cm.  A  picture  of  the  forces  at  play  which  may  influence  a 
charged  leucocyte  is  appreciated  only  if  the  drop  in  potential  is  con¬ 
verted  by  estimation  of  the  distance  from  the  injured  point  to  the 
nearest  capillary,  to  p.d.  per  cm.  Table  V  shows  the  estimated  order 
of  magnitude  of  the  p.d.  per  cm.  with  different  distances  and  different 
potential  differences.  The  fall  across  the  injured  tissue  to  capillary 
area  would  have  to  be  divided  inversely  proportionally  to  the  resistance 
of  the  tissues.  As  relatively  normal  tissues  have  a  high  resistance 
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and  as  the  tissue  fluids  similarly  are  not  good  conductors,  it  is  fair  to 
assume  that  even  though  the  total  drop  in  potential  is  not  uniform,  a 
portion  of  it,  sufficiently  great  to  influence  migration  of  a  charged 
particle,  is  present.  It  should  be  noted  that  the  inflammatory  process 
takes  place  in  connective  tissue,  and  leucocytic  migration  occurs  in  the 
capillary  spaces  between  fibrous  tissue  bands  where  the  p.d.  is  unhin¬ 
dered  by  the  presence  of  cell  membranes  existing  in  muscle.  From 
the  point  of  view  of  the  structure  of  the  intracellular  fluids  in  connective 
tissue,  one  may  assume  for  the  present  that  the  thinness  and  conduc¬ 
tivity  of  phases  or  membranes  present  do  not  make  the  curve  of 
potential  drop  sufficiently  unlinear  to  reduce  the  probability  of  the 
correctness  of  the  order  of  magnitudes  to  be  considered. 

Table  V  shows  that  even  with  a  p.d.  of  .001  volt  between  injured 
zone  and  a  capillary  wall  .1  mm.  away,  the  p.d.  per  cm.  is  .1  volt.  Of 
course,  this  is  an  extreme  instance.  The  potentials  measured  between 
cut  surface  and  uninjured  surface  vary  between  .030  and  .100  volt,  and 
if  membranes  (phases)  are  present  in  the  injured  zone,  this  order  of 
magnitude  of  potential  would  be  expected.  If,  however,  only  diffusion 
potentials  incidental  to  the  enormous  rise  of  metabolism  which  occurs 
(20)  are  present  and  if  the  p.d.  in  that  instance  be  only  5  millivolts, 
with  a  distance  of  .05  mm.,  the  p.d.  per  cm.  is  1  volt, — a  force  sufficient 
to  bring  a  leucocyte  moving  in  plasma  at  the  rate  of  .5^  per  volt  per 
cm.  per  sec.  to  the  point  of  injury  in  2  minutes. 

Why  do  not  the  red  cells  and  lymphocytes  also  migrate  at  once  toward 
the  point  of  injury?  Some  of  them  do,  but  the  great  difference  between 
these  cells  and  polymorphonuclear  leucocytes  is  that  the  ameboid  cells 
stick  to  the  capillary  walls  and  are  uninfluenced  by  the  rush  of  blood 
going  by  (see  Paper  II  of  this  series).  The  speed  of  blood  in  capil¬ 
laries  is  remarkably  constant  throughout  the  vertebrate  kingdom. 
One  may  expect  in  mammals  a  speed  of  about  .5  mm.  per  second  of  the 
cells  passing  through  certain  capillaries  (21).  Even  if  the  p.d.  per  cm. 
between  blood  and  injured  zone  were  20  volts,  the  speed  of  a  cell  moving 
toward  the  zone  of  injury  at  a  rate  of  .5/i  per  volt  per  cm.  per  sec. 
would  be  only  lO/x  per  sec.  Thus,  there  would  be  a  force  exerted  on 
the  blood  cell  in  the  direction  of  the  blood  stream  fifty  times  as  great 
as  that  exerted  in  the  direction  of  the  point  of  injury  (Fig.  2).  When, 
however,  a  white  cell  is  trapped  by  the  capillary  wall,  the  electromotive 
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or  other  forces  are  dominant  and  the  forward  pressure  of  the  blood 
stream  on  the  adherent  cell  is  negligible.  This  presupposed,  of  course, 
that  leucocytes  are  able  to  wander  through  the  wall,  as  they  can. 
The  same  phenomena  are  readily  seen  in  an  electrophoresis  chamber  of 
the  kind  described  above.  At  room  temperature,  on  the  floor  of  the 
cell,  are  stationary  polymorphonuclear  leucocytes,  and  hovering  about 
apparently  suspended  in  the  immediate  fluid  strata  are  lymphocytes 
and  red  cells.  Even  though  the  p.d.  on  occasions  has  been  30  volts 
per  cm.,  the  leucocytes  w'hich  have  stuck  to  the  glass  remain  there 
uninfluenced  by  the  difference  of  potential  while  the  round  cells  and 
red  cells  move  swiftly  by  just  as  in  a  blood  vessel. 

One  further  point  at  present  remains  to  be  discussed — the  electro¬ 
phoresis  of  water.  Granting  the  difference  of  potential  and  the  other 
factors  that  have  been  previously  discussed,  it  follows  that  the  move¬ 
ment  of  the  tissue  fluids  would  also  be  influenced.  As  the  experiments 
of  Mudd  (22)  have  conclusively  shown,  animal  membranes  are  nega¬ 
tively  charged  when  the  medium  is  serum  or  any  other  alkaline  fluid. 
The  significance  of  this  in  relation  to  the  inflammatory  process  is  at 
once  evident.  There  should  be  adjacent  to  the  strands  of  connective 
tissue  and  in  the  pores  of  the  connective  tissue  a  cathodal  flow  of  water. 
But,  these  strands  of  connective  tissue  form  capillary  spaces.  If  these 
spaces  are  closed  systems,  as  in  an  electrophoresis  chamber,  in  the 
absence  of  structural  irregularities,  there  may  be  in  the  midregions  of 
these  capillary  spaces  a  return  anodal  flow  to  assist  leucocyte  migration 
where  the  capillary  spaces  are  not  too  small. 

SUMMARY. 

1.  The  velocity  of  cataphoretic  migration  of  blood  cells  in  plasma 
and  serum  is  proportional  to  the  potential  drop  applied. 

2.  The  cataphoretic  velocity  of  red  cells,  polymorphonuclear  leuco¬ 
cytes,  small  lymphocytes,  and  large  lymphocytes  is  described  for 
serum  and  plasma. 

3.  The  relation  between  the  electrokinetic  potential  of  white  blood 
cells  and  the  differences  of  potential  probably  existing  in  injured  tissues 
are  correlated  quantitatively. 

4.  This  correlation  suggests  that  migration  of  leucocytes  to  a  point 
of  injury  is,  in  part,  dependent  upon  the  electromotive  forces  at  play 
in  the  tissues. 
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The  writer  wishes  to  express  his  thanks  to  Professor  H.  Freundlich 
for  his  constant  guidance  and  criticisms,  and  to  Dr.  Ettisch  for  his 
unceasing  interest. 
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II.  Concerning  the  Adhesive  Force  of  One  Pseudopod  of  a  Frog 
Leucocyte  and  Its  Relation  to  Leucocyte 
Emigration. 
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(Received  for  publication,  July  6,  1927.) 

Although  much  work  has  been  done  concerning  the  adhesive  quali¬ 
ties  of  white  blood  cells,  these  studies  of  stickiness  have  apparently 
all  been  made  in  vitro  with  glass  or  other  surfaces  (1). 

This  communication  deals  with  observations  made  on  the  behavior 
of  a  single  leucocyte  in  a  capillary  of  the  web  of  a  frog’s  hind  limb. 
The  phenomenon  seems  not  to  have  been  reported.  Because  of  the 
quantitative  considerations  which  may  be  deduced  from  this  observa¬ 
tion,  it  is  worthy  of  description  in  detail.  Dr.  G.  Ettisch  was  present 
and  confirmed  the  sequence  of  events  to  be  described  in  the  following. 

1  hour  after  the  frog  {Rana  temporaria)  had  been  anesthetized  by 
urethane,  the  vascular  changes  incidental  to  an  inflammatory  process 
produced  by  a  needle-HCl  puncture  of  the  web  were  studied.  The 
vascular  channels  were  wide  open  with  a  very  rapid  flow  of  blood  cells, 
unhindered  except  at  points  where  white  cells  had  begun  to  stick  to  the 
capillary  walls  or  roll  slowly  along  the  wall.  At  the  bend  of  a  capillary 
whose  width  was  about  four  times  the  diameter  of  a  polymorphonu¬ 
clear  leucocyte,  an  ameboid  cell  was  seen  to  be  suspended  in  a  rushing 
blood  stream  by  a  single  thin  white  thread  of  protoplasm  (Fig.  1,  a). 
The  cell  was  in  the  centre  of  the  stream,  in  contradistinction  to  the 
other  cells  along  the  wall,  and  was  held  in  place  by  this  thin  thread  of 
cytoplasm  (about  three  times  as  long  as  the  cell  itself)  which  was 
drawn  out  to  a  minute  point  parallel  to  the  direction  of  the  blood 

*  See  Paper  I  of  this  series. 
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Stream,  and  was  stuck  to  the  wall  by  an  apex  whose  diameter  seemed 
to  be  about  1  n.  The  preparation  as  a  whole  was  in  the  horizontal 
plane.  The  cell  was  definitely  seen  to  be  in  the  middle  of  the  stream 
surrounded  and  tossed  about  by  red  cells  streaming  past  so  rapidly 
that  individual  cells  could  not  be  observed.  The  thin  thread  of  cyto¬ 
plasm  (pseudopod)  then  shortened  until  the  cell  approached  the  capil¬ 
lary  wall  to  about  its  own  length  (Fig.  1,6). 


- >  indicates  direction  of  blood  flow. 


Fig.  1.  For  description,  see  text. 


Then,  seemingly  overwhelmed  by  the  force  of  the  blood  stream,  the 
pseudopod  was  again  stretched  out  to  its  previous  length.  After 
several  minutes  of  such  play,  the  pseudopod  slowly  contracted  (Fig. 
1,  c)  and  the  white  cell  was  drawn  to  the  capillary  wall  (Fig.  !,</)• 
This  lasted  but  half  a  minute  when  the  cell  was  again  drawn  out  by 
the  force  of  the  blood  stream  with  a  thread  of  cytoplasm  as  long  and 
as  thin  as  heretofore  described  (Fig.  1,  e).  After  a  short  period  of 
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tossing  about  in  the  centre  of  the  stream,  the  pseudopod  was  appar¬ 
ently  torn  free  from  the  wall  and  the  cell  disappeared  from  the  field. 

It  is  evident  that  the  adhesive  force  exerted  by  this  single  pseudopod 
was  equal  at  least  to  the  resultant  of  the  forces  of  the  stream  of  blood 
on  the  white  cell  and  of  the  force  of  gravity.  To  obtain  an  idea  of 
the  order  of  magnitude  of  this  force,  let  it  be  assumed  that  the  leuco¬ 
cyte  was  a  sphere  of  radius,  r,  in  a  medium  whose  viscosity,  77,  was 
constant  and  whose  speed,  v,  was  also  constant.  Then,  F,  the  force  in 
dynes,  is  expressed  by  the  following  equation: 

F  =  6  IT  r  ri  V 

Substituting  .03  for  77,  4  X  10~^  for  v,  and  .05  for  v  (2),  the  value  of  10“® 
dynes  is  obtained  for  the  horizontal  component,  the  force  of  the  blood 
stream.  As  the  cell  was  maintained  by  the  blood  stream  in  a  horizon¬ 
tal  plane,  it  is  evident  that  the  gravitational  component  was  com¬ 
paratively  small.  This  vertical  component  is  expressed  by 

=  I TT  r’  (D-5)  g 

where  r  is  the  radius  of  the  cell,  D  the  density  of  the  medium,  5  the 
density  of  the  particle,  and  g  the  gravitational  constant.  It  will  make 
little  difference  what  probable  value  is  taken  for  {D-b).  Assuming 
{D-b)  be  equal  to  0.1  and  substituting, 

F  =  |X3X(4X  10^)’  •  lO-i  X  10’ 

=  2  •  5  X  10“*  dynes. 

It  follows  then,  that  the  gravitational  component  is  negligible  and 
that  the  force,  10“®  dynes,  the  “adhesive  force,”  of  this  single  pseu¬ 
dopod  was  at  least  of  this  order  of  magnitude.  Or  assuming  the  area 
of  the  pseudopod  on  the  capillary  to  be  1  sq.  the  force  per  sq.mm, 
would  be  (10~®  X  10®)  or  10  dynes.  This  value  is  so  small  that  the 
probability  of  its  representing  tensile  strength  rather  than  adhesive 
force  is  slight.  The  tensile  strength  of  frog  muscle,  for  example,  is 
6  X  10^  dynes  per  sq.mm.  (3). 

From  the  foregoing  it  may  be  readily  understood  why  leucocytes 
stick  to  a  capillary  wall  with  such  apparent  ease  although  a  seemingly 
overwhelming  force  introduced  by  the  blood  :tr'’^m  is  present.  If 
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this  phenomenon  be  repeatedly  observed,  it  may  be  accepted  that  the 
adhesive  force,  of  the  order  of  magnitude  of  10~®  d3aies,  is  exerted  by 
one  pseudopod.  A  leucocyte  touches  the  capillary  wall  with  many 
more  pseudopods.  And  since  the  force  of  the  stream  at  the  walls  of 
the  capillary  is  less  than  at  the  centre,  a  sufficient  resistance  may 
easily  be  ojffered  by  more  than  one  pseudopod  to  produce  leucocyte 
arrest  and  preparation  for  emigration. 

SUMMARY  AND  CONCLUSIONS. 

Observations  on  the  behavior  of  a  frog  leucocyte  in  vivo  have  led 
to  the  conclusion  that  an  adhesive  force  of  at  least  10~®  dynes  may 
be  offered  by  one  pseudopod.  This  adhesive  force,  of  one  pseudopod, 
is  of  the  order  of  magnitude  sufficient  to  cause  leucocyte  arrest  pre¬ 
vious  to  emigration  through  the  capillary  wall. 

I  desire  to  express  my  thanks  to  Professor  H.  Freundlich  for  his 
kindness  in  reading  the  manuscript. 

BIBLIOGRAPHY. 

1.  Fenn,  W.'^O.,  J.  Gen.  Physiol.,  1922,  v,  143. 

2.  Tabulae  biologicae,  Berlin,  1925,  i,  133. 

3.  Tabulae  biologicae,  Berlin,  1925,  i,  42. 


THE  STRUCTURE  OF  B.  ANTHRACIS  AND  REVERSAL  OF 
THE  GRAM  REACTION  * 

By  JOHN  W.  CHURCHMAN,  M.D. 

{From  the  Laboratory  of  Experimental  Therapeutics,  Cornell  University  Medical 
College,  New  York.) 

Plates  34  to  38. 

(Received  for  publication,  May  31,  1927.) 

If  a  small  amount  of  aqueous  solution  of  acriviolet,  gentian  violet, 
or  acriflavine  be  added  to  a  thick  aqueous  suspension  of  a  young 
culture  of  B.  anthracis  it  will  be  found  that  after  a  longer  or  shorter 
interval  of  time  a  large  proportion,  if  not  aU,  of  the  organisms  are 
changed  by  the  exposure  from  sharply  Gram-positive  to  sharply 
Gram-negative.  The  speed  with  which  this  change  takes  place 
varies  with  the  strain  of  B.  anthracis  examined.  In  one  strain  studied, 
Gram  reversal  began  in  a  few  minutes  and  was  complete  within  2 
hours.  In  other  strains  19  hours  were  required  to  produce  the  change 
and  even  at  the  end  of  this  period  a  few  Gram-positive  individuals 
were  sometimes  still  found  in  the  smears.  The  Gram-negative  forms 
of  Bacillus  anthracis  produced  by  exposure  to  these  dyes  are  notably 
smaller  in  calibre  than  the  Gram-positive  forms,  the  difference  in 
diameter  as  measured  by  means  of  a  filar  micrometer  being  in  the 
neighborhood  of  40  per  cent. 

That  such  changes  could  be  produced  in  this  organism  by  exposure 
to  aniline  dyes  was  first  observed  about  a  year  ago.  The  present 
communication  is  concerned  with  studies  made,  since  that  time,  of 
the  reversal  of  Gram  reaction,  and  of  the  change  in  calibre,  which  the 
dyes  caused;  and  with  attempts  to  interpret  the  significance  of  the 
two  phenomena. 

*  Preliminary  report  of  this  work  appeared  in  Proc.  Soc.  Exp.  Biol,  and  Med., 
1926-27,  xxiv,  737. 
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The  Gram  Stain. 

In  our  early  observations  as  to  the  effect  of  aniline  dyes  on  B. 
anthracis  the  smears  were  stained  by  Paltauf’s  modification  of  the 
Gram  method.^  The  findings  thus  obtained  were  also  confirmed  by 
the  study  of  smears  stained  by  the  other  well  known  modifications: 
ClaudiusV  Burke’s,®  Atkin’s,^  and  Kopelofif’s.®  After  the  examination 
of  about  2000  smears,  each  specimen  being  stained  and  examined  by 
two  observers,  the  definite  conclusion  was  reached  that  Burke’s 
modification  was  superior  to  all  others.  It  was  therefore,  from  that 
time  on,  exclusively  used.  The  opinion  as  to  its  superiority  was  amply 
confirmed  by  the  subsequent  studies  which  involved  the  examination 
of  nearly  12,000  smears.  Whenever  “Gram  stain”  is  mentioned  in 
this  report  it  is  the  Burke  modification  (unless  otherwise  specified)  to 
which  reference  is  made.  With  the  Burke  technic  the  results  are 
constant  and  absolutely  clear-cut.  The  colors  in  the  final  smears 
contrast  sharply  (a  bluish  black  with  a  pink)  and  one  is  never  left  in 
doubt  as  to  whether  an  individual  organism  is  to  be  called  Gram-nega¬ 
tive  or  Gram-positive. 

When  stained  by  the  Burke  technic  young  cultures  of  B.  anthracis 
are  definitely  and  constantly  Gram-positive.  An  occasional  Gram¬ 
negative  individual  may  be  seen,  but  these  are  only  occasional  and 
negative  forms  are  usually  entirely  absent.  The  Gram-negative 
organisms,  like  B.  coli,  which  are  commonly  used  for  controls  in 
experimental  work,  are  equally  constant  and  sharp  in  their  reaction 
to  the  Burke  stain.  If  therefore  the  technic  as  described  by  Burke 
be  carefully  followed  and  the  precautions  observed  which  it  is  well 
known  must  be  borne  in  mind  in  using  the  Gram  method,  the  Burke 
modification  is  a  method  of  exactness  and  from  its  results  trustworthy 
conclusions  can  be  drawn. 

^  Sharnosky,  J.,  Proc.  New  York  Path.  Soc.,  1909,  lx,  N.  s.,  5. 

*  Claudius,  M.,  Ami.  Inst.  Pasteur,  1897,  xi,  332. 

®  Burke,  V.,  J.  Bact.,  1922,  vii,  159. 

^  Atkin,  K.  N.,  J.  Bact.,  1920,  iii,  321. 

®  Kopeloff,  N.,  Lactobacillus  acidophilus,  Baltimore,  1926,  204. 
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Exposure  of  Organisms  to  Aniline  Dyes. 

The  technic  of  the  experiments  in  which  reversal  of  the  Gram 
reaction  of  B.  aniJiracis  was  produced  was  the  following. 

A  heavy  suspension  of  4  hour  culture  of  the  organism  was  made  in  distilled 
water.  J  cc.  of  this  suspension  was  placed  in  each  of  two  tubes.  To  one  of  these 
tubes  an  oeseful  of  1  per  cent  aqueous  acriviolet  was  added.  Smears  were  made 
at  the  beginning  of  the  experiment  and  stained  by  Burke’s  method.  These  always 
showed  the  organism  to  be  100  per  cent  positive  except  that  an  occasional  stray 
Gram-negative  individual  might  be  found.  The  tubes  were  put  away  at  room  tem¬ 
perature  and  smears  from  each  tube  examined  at  various  intervals.  It  was  found 
that  Gram-negative  forms  began  very  soon  to  appear  in  the  tube  to  which  acri¬ 
violet  had  been  added.  In  the  case  of  the  more  rapidly  changing  forms,  like 
No.  10,®  reversal  of  Gram  reaction  began  almost  at  once  and  was  complete  in 
2  hours  or  less  (Fig.  1).  In  the  more  slowly  changing  forms  like  N.Y.B.  of  H.,^ 
5  per  cent  of  Gram-negative  individuals  appeared  in  hours.*  At  the  end 
of  19  hours  smears  from  the  acriviolet  tube  showed  that  the  organism  had 
changed  from  a  predominantly  Gram-positive  to  a  predominantly  Gram-negative 
one.  In  other  experiments  reversal  proceeded  until  about  75  per  cent  of  the  or¬ 
ganisms  had  become  Gram-negative  and  further  change  occurred  very  slowly  if 
at  all. 

The  first  observations  as  to  the  effect  of  aniline  dyes  on  B.  antJiracis 
were  made  with  a  strain  furnished  by  the  New  York  Board  of  Health. 
In  order  to  determine  that  the  reversal  phenomenon  was  not  peculiar 
to  this  particular  strain  of  B.  anthracis  the  experiment  was  repeated 

®  The  numbers  refer  to  the  American  Type  Culture  Collection. 

’’  The  strain  referred  to  as  “N.  Y.  B.  of  H.”  was  isolated  at  the  New  York  Board 
of  Health  Laboratories  from  a  shaving  brush  in  January,  1923. 

*  The  roughness  of  a  method  in  which  percentages  of  Gram-positive  and  Gram¬ 
negative  forms  in  a  smear  are  estimated  without  actual  counts  is  of  course  perfectly 
understood.  Small  variations  are,  under  such  conditions,  of  no  significance  what¬ 
ever  and  no  attention  was  paid  to  them.  But  the  difference  between  a  smear 
containing  99  per  cent  positive  forms  and  one  containing  only  30  per  cent  positive 
forms  is  of  course  obvious  at  a  glance  and  it  was  only  differences  of  this  order 
which  were  taken  into  account.  In  all  cases  the  smears  were  stained  by  two 
observers  and  each  smear  recorded  by  both;  the  figures  of  the  two  records  agreed 
pretty  closely.  It  was  found  that  the  changes  produced  by  the  dyes  were  the 
same  even  when  varying  amounts  were  added  and  exactness  of  dilution  was  not 
necessary;  “1  oeseful  of  1  per  cent  dye”  was  therefore  a  sufficiently  accurate 
measure.  The  oese  used  measured  2.33  mm.  internal  diameter. 
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with  Strains  8,  9,  10,  240,  241,  and  242  of  the  American  Type  Culture 
Collection.  The  authenticity  of  all  of  these  strains  was  established 
by  animal  inoculation.  It  was  found  that  the  reversal  phenomenon 
was  produced  in  each  instance  by  the  exposure  of  the  organism  to 
aniline  dyes  so  that  the  conclusion  seemed  warranted  that  the  reac¬ 
tion  was  characteristic  for  the  genus. 

Similar  experiments  were  then  undertaken  with  other  members  of 
the  spore-bearing,  aerobic  group.  The  first  group  studied  was  B. 
subiilis  of  which  six  strains  were  examined:  one  strain,  isolated  from 
hay,  in  our  own  laboratory  and  Nos.  102,  465,  466,  243,  and  3  A.  T.  C. 
These  experiments  with  Bacillus  subtilis  showed  that  a  reversal  of 
the  Gram  reaction  similar  to  that  of  B.  anthracis  results  from  exposure 
to  aniline  dyes;  but  the  phenomenon  was  less  striking,  since  in  some 
of  the  strains  a  moderate  degree  of  reversal  also  occurred  in  the 
control  tubes. 

The  definite  findings  in  the  case  of  B.  anthracis  and  the  suggestive 
findings  in  the  case  of  B.  subiilis  suggested  that  the  phenomenon  might 
be  common  to  all  sporogenous  aerobic®  bacteria  and  a  study  was 
therefore  made  of  this  whole  group,  the  strains  being  obtained  from 
the  American  Type  Culture  Collection.  The  following  organisms 
were  examined. 


B.  mesentericus 

No.  76 

“  megatherium 

“  72 

«  « 

“  71 

“  mycoides 

“  270 

"  “  roseus 

o 

00 

“  adhxrens 

“  271 

“  viger 
“  agri 

“  laterosporus 
“  simplex 
“  glohigii 
“  albolactus 
“  atcrrimus 
“  panis 
“  prausnitzii 
“  ruminatus 

“  flams  “  58 


Nothing  can  at  present  be  said  about  the  behavior  of  anaerobes. 
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With  a  number  of  these  organisms,  reversal  of  Gram  positivity 
was  produced  just  as  in  the  case  of  B.  anthracis.  This  was  true  for 
example  of  B.  megatherium  and  B.  mycoides.  But  in  the  case  of  the 
majority  of  strains  in  this  group  either  the  results  were  iiiconstant  or 
reversal  occurred  in  the  control  tubes,  so  that  no  statement  can  be 
made  as  to  the  existence  of  any  general  relation  between  reversal 
phenomenon  and  the  presence  of  spores  in  bacteria. 

The  investigation  was  then  extended  by  making  a  study  of  non- 
spore-bearing  Gram-positive  organisms.  Experiments  were  done 
with  the  following  50  strains. 


No. 

No. 

Sarcina  lutea 

272  A.T.C. 

Actinomyces  madurae 

552 

“  rosea 

188 

“  bovis 

549 

“  aurantiaca 

146 

“  gypsoides 

550 

“  flava 

147 

Staphylococcus  epidermidis 

155 

Micrococcus  auranticus 

387 

“  albus 

251 

“  luteus 

379 

“  citreus 

395 

“  freudenreichii 

407 

“  aureus 

477 

“  flams 

140 

“  candicans 

154 

“  conglomeratus 

401 

“  tetragenus 

159 

“  flavoroseus 

397 

Bacillus  xerosis 

373 

“  cereus 

394 

“  diphtherias 

475 

“  varians 

399 

“  hoffmanii 

371 

“  urea! 

408 

Staphylococcus  pyogenes 

160 

Rhodococcus  ruber 

534 

Streptococcus  lactis 

558 

“  rhodochrous 

184 

Lactobacillus  casei 

334 

“  roseus 

185 

Staphylococcus  (No.  33) 

Torrey 

“  cinnabareus 

514 

“  (Richards) 

a 

Actinomyces  asteroides 

322 

“  (No.  77) 

tt 

“  hominis 

551 

“  (isolated  by  Churchma 

B.  diphtherias 

N.  Y.  B.  of  H. 

ii 

H  a  it  a  a 

«  u 

a  tc  it  {{  a 

B.  hqffmanii 

it  a  a  it  a 

Pneumococcus  Type  1 

a  ti  tc  it  it 

ii 

“  2 

a  a  ti  tt  it 

a 

“  3 

it  tt  ti  tt  tt 

it 

“  1 
“  2 

Rockefeller  Institute 

ti  ti 

“  “  3 

B.  tuberculosis  bovine 

it  it 

N.  Y.  B.  of  H. 
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This  study  of  the  behavior  toward  aniline  dyes  of  non-spore-bearing 
Gram-positive  bacteria  showed,  that  in  striking  contrast  to  the 
results  produced  in  the  case  of  B.  anthracis  and  other  members  of  the 
spore-bearing  group,  the  dyes  mentioned  were  without  any  effect  on 
the  Gram  positivity  of  the  majority  of  the  non-spore  bearers.  The 
experiments  with  certain  of  these  organisms  (about  15  strains)  were, 
however,  unsatisfactory  and  from  them  no  conclusions  could  be 
drawn.  Pneumococcus  for  example  proved  too  fragile  for  this  type 
of  experiment  and  we  were  unable  to  get  constant  results  whether 
we  worked  with  blood  agar  cultures  or  with  the  peritoneal  fluid  from 
injected  mice.  Nor  were  we  able  to  draw  positive  conclusions  from 
the  experiments  with  Streptococcus  lactis,  nor  with  Actinomyces 
hominis  or  Actinomyces  madurx.  But  for  the  majority  of  the  or¬ 
ganisms  (about  35  strains)  in  this  group  the  dye  was  absolutely  with¬ 
out  effect  on  the  Gram  reaction,  even  after  many  days  exposure  and 
even  when  the  tube  was  heated  in  order  to  make  the  test  more  severe. 
The  difference  between  the  behavior  to  aniline  dyes  of  B.  anthracis 
and  a  number  of  the  Gram-positive  non-spore  bearers  was  well 
shown  by  an  experiment  in  which  a  suspension  containing  both  B. 
anthracis  and  M.  freudenreichii  was  used.  Both  of  these  organisms 
are  definitely  Gram-positive  and  the  smears  made  at  the  beginning 
of  the  experiment  showed  nothing  but  Gram-positive  forms.  Smears 
made  (at  the  end  of  19  hours)  from  the  tube  to  which  acriviolet  had 
been  added  showed  that  none  of  the  individuals  of  M.  freudenreichii 
had  been  changed  but  that  about  95  per  cent  of  the  individuals  of 
B.  anthracis  had  become  Gram-negative.  The  smears  from  the 
control  tube  at  this  time  showed  all  the  organisms  of  both  strains  to 
be  still  Gram-positive  (see  Fig.  2). 

It  seems  clear  from  the  experiments  just  described,  in  which  the 
bacterial  field  was  pretty  completely  covered  so  far  as  the  Gram¬ 
positive  aerobic  forms  are  concerned,  that  two  types  of  organisms 
may  be  distinguished,  one  of  which  exhibits  reversibility  of  Gram 
reaction  when  exposed  to  acriviolet  and  the  other  of  which  remains 
Gram-positive  in  spite  of  long  exposure  to  the  dye.  The  organisms 
which  exhibit  the  reversal  phenomenon  in  clear-cut  fashion  belong  in 
the  spore-bearing  group;  the  organisms  which  resist  this  effect  of  the 
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dye  belong  in  the  non-spore-bearing  group.^'^  This  fact  is  sufficiently 
striking  and  may  be  of  significance.  There  are,  however,  numerous 
exceptions  in  both  groups,  so  that  one  cannot  definitely  relate  the 
reversal  phenomenon  to  the  presence  or  absence  of  sporogenic  material. 

Other  Dyes. 

It  has  been  said  that  the  reversal  phenomenon  is  brought  about 
by  exposure  to  acriviolet  and  this  dye  did  appear  to  be  more  effective 
than  any  other  in  producing  the  result.  But  exposure  to  other  dyes, 
notably  acriflavine,  gentian  violet  (both  Griibler,  and  Coleman  and 
Bell),  and  ethyl  violet  also  resulted  in  a  reversal  of  Gram  reaction  and 
a  diminution  of  calibre. 

Other  Substanees  than  Dyes. 

Since  the  dyes  are  known  to  have  a  bacteriostatic  effect  upon 
certain  of  the  organisms  which  exhibit  reversal  phenomenon  experi¬ 
ments  were  done  with  other  substances,  not  dyes,  also  capable  of 
producing  bacteriostasis.  In  these  experiments  both  Bacillus  an- 
thracis  and  Staphylococcus  aureus  were  exposed  to  the  action  of  alcohol, 
formalin,  and  Zenker’s  fluid.  These  substances  produced  no  effect 
on  the  Gram  reaction  of  either  organism. 

Relation  of  Reversibility  to  Acidity. 

The  dyes  used,  though  basic  or  neutral  in  name,  have  a  pH  between 
3  and  4“  and  this  fact  raises  the  question  also  suggested  by  the  work 
of  Deusseffi^  (who  noted  the  effect  of  acids  on  the  Gram  reaction — but 
not  on  the  size — of  certain  Gram-positive  organisms),  whether  the 
phenomenon  here  reported  might  not  be  due  to  the  slight  acidity 

Deussen  (Deussen,  E.,  Z.  Hyg.  u.  Infectionskrankh.,  1918,  Ixxxv,  235)  noted  a 
similar  difference  in  the  effect  of  certain  substances  on  the  Gram  reaction  of 
different  Gram-positive  organisms. 

11  The  potentiometer  readings  are  as  follows: 


1  per  cent  aqueous  gentian  violet .  pH  3.5 

“  “  “  “  acriflavine . pH  3.5 


I’l  Deussen,  E.,  Z.  Hyg.  u.  Infectionskrankh.,  1918,  Ixxxv,  235.  This  author 
regarded  the  phenomenon  as  a  purely  chemical  one  and  thought  the  effect  of  acids 
to  be  in  direct  proportion  to  their  degree  of  dissociation. 
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(it  is  very  slight)  of  the  bacterial  suspension  resulting  from  the  addi¬ 
tion  of  the  small  amount  of  1  per  cent  acriviolet  or  gentian  violet 
used.^®  Since  the  result  produced  by  these  dyes  was  not  produced 
by  acid  fuchsin  (pH  2.55)  it  seemed  imlikely  that  acidity  of  dye  was 
the  whole  explanation  of  the  phenomenon.  That  the  addition  of 
strong  acids,  at  least,  did  not  produce  reversal  of  Gram  reaction  nor 
diminution  of  calibre  was  easily  shown  by  the  following  experiment. 

Three  tubes  each  containing  i  cc.  bacterial  suspension  {B.  anthracis  N.  Y.  B. 
of  H.)  were  prepared.  To  the  first  was  added  1  oeseful  of  1  per  cent  acriviolet, 
to  the  second  1  oeseful  of  10  per  cent  HCl,  to  the  third  1  oeseful  of  concentrated 
HCl.  Complete  reversal  took  place  in  the  acriviolet  tube  within  19  hours.  In 
the  acid  tubes  no  change  was  observed  at  the  end  of  19  hours,  and  only  slight 
change  at  the  end  of  48  hours. 

A  second  experiment  to  test  this  point  was  done  by  adding  to  a  series  of  tubes 
containing  the  bacterial  suspensions  1  oeseful  of  water  which  had  been  brought 
to  pH  1.2,  1.8,  2.4,  3,  3.8,  and  7.  In  none  of  these  tubes  did  reversal  occur,  al¬ 
though  complete  reversal  took  place  in  the  control  tube  containing  dye.  This 
experiment  is  open  to  the  objection  that  the  acid  used  was  not  buffered  and  there¬ 
fore  its  action  may  not  have  been  continuous.  In  the  dyes,  on  the  other  hand, 
acid  may  be  present  in  just  the  right  proportion  and  it  may  be  so  buffered  as  to 
act  continuously.  Efforts  to  test  this  point  out  by  buffering  with  KCl  and  with 
En  phthalate,  the  acid  added  to  the  bacterial  suspensions  were  defeated  because 
it  was  found  that  the  buffers  themselves  led  to  some  reversal.  The  point  must, 
therefore,  be  left  for  the  present  in  abeyance. 

Modifying  Factors. 

The  question  of  the  relation  of  the  reversal  phenomenon  to  the 
age  of  the  culture  was  investigated.  This  was  done  by  making 
bacterial  suspensions  of  agar  growths,  at  intervals  of  1  hour,  from  1 
hour  up  to  7.  Though  the  results  of  these  experiments  were  not 
absolutely  constant,  there  is  reason  for  believing  that  very  young 
cultures  are  more  resistant  to  the  reversing  effect  of  acriviolet  than 
older  cultures. 

The  question  of  the  nature  of  fluid  in  which  the  suspension  is  made 
and  its  relation  to  the  reversal  phenomenon  was  studied  by  making 

The  pH  of  the  distilled  water  used  in  this  laboratory  is  6.0.  Potentiometer 
readings  of  }  cc.  of  this  water  containing  1  oese  1  per  cent  acriviolet  showed  a 
pH  of  5.3 -h. 
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suspensions  in  distilled  water,  in  tap  water,  and  in  physiological 
saline,  and  adding  dye  to  these  tubes.  Reversal  proceeded  more 
rapidly  in  the  water  tubes  than  in  saline. 

Reduction  in  Calibre  i,  icleria  by  Exposure  to  Dyes. 

Reference  thus  far  has  been  made  only  to  the  change  in  Gram  reac¬ 
tion  produced  by  exposure  to  acriviolet.  But  another  equally  strik¬ 
ing,  if  not  more  striking,  change  has  also  been  observed;  for  it  is 
noted  in  the  smears  of  B.  anthracis  which  have  been  exposed  to  acri¬ 
violet  that  the  Gram-negative  forms  are  much  smaller  in  transverse 
diameter  than  the  Gram-positive  forms.  This  difference  in  size  is  so 
striking,  the  organisms  stained  with  safranine  being  quite  slender 
and  those  stained  with  methyl  violet  quite  stout,  that  one  might 
easily  conclude  that  the  smears  contained  a  mixture  of  two  different 
organisms,  one  a  robust  Gram-positive  and  the  other  a  slender  Gram¬ 
negative  (see  Fig.  1,  B).  In  smears  made  when  the  change  is  about 
half  complete  these  pink  and  bluish  black  segments  may  alternate 
in  the  same  chain  giving  a  most  striking  appearance  (see  Fig.  1,  B, 
and  Fig.  5,  A-D).  It  will  be  noted  that  when  spores  are  present 
they  are  entirely  contained  within  the  Gram-negative  forms.  This 
is  apparent  in  many  of  the  illustrations;  but  particular  attention  is 
called  to  the  organisms  marked  a  Fig.  1,  B,  and  a  Fig.  3,  A. 

Large  numbers  of  measurements  of  the  Gram-positive  and  Gram-negative 
forms  were  made,  a  Zeiss  filar  micrometer  being  used  for  the  purpose.  These 
measurements  showed  the  Gram-positive  forms  to  be  practically  always  larger  in 
transverse  diameter  than  the  Gram-negative  forms.  The  difference  in  size  is  of 
course  not  absolutely  constant  in  degree,  varying  from  .123^1  to  .962^;  but  in  only 
one  instance  has  a  Gram-negative  segment  of  a  bacterial  chain  been  seen  which 
was  larger  than  the  adjacent  Gram-positive  segment,  and  in  only  the  most  oc¬ 
casional  instances  were  they  of  the  same  calibre.  Comparative  measurements  of 
25  Gram-positive  and  25  Gram-negative  adjacent  segments  from  a  smear  of  B. 
anthracis  No.  10  stained  by  Burke  showed:  average  diameter  of  the  Gram-positive 
forms  1.2236ju,  of  the  Gram-negative  forms,  .7091^1,  a  difference  of  .5145/*  or 
42 -f  per  cent. 

In  the  complete  study  292  organisms  were  measured.  The  average  diameter 
of  the  Gram-positive  forms  was  1.112;u;  of  the  Gram-negative  forms  .686;^.  This 
gave  an  average  difference  of  .426/*  or  38.3  per  cent. 

When  measurements  were  made  of  specimens  which  had  been  stained  by  the 
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Paltaiif  modification,  the  same  general  facts  came  to  light  although  the  difference 
between  the  Gram-negative  and  Gram-positive  forms  was  not  quite  so  marked  as 
in  specimens  stained  by  Burke's  method  (see  Fig.  3,  A  and  B,  and  Fig.  5,  D). 
In  this  set  of  observations,  measurements  were  made  of  50  organisms.  The 
average  transverse  diameter  of  the  Gram-negative  forms  was  .311432/1  smaller 
than  that  of  the  Gram-positive  forms,  a  reduction  of  29.74  per  cent  in  diameter. 

Exposure  to  acriviolet  therefore  not  only  causes  Bacillus  anlhracis 
to  change  its  Gram  reaction  from  sharply  Gram-positive  to  sharply 
Gram-negative;  it  also  leads  to  a  reduction,  by  as  much  as  40  per 
cent  or  even  more,  in  its  transverse  diameter.  Whether  a  similar 
change  in  longitudinal  measurement  also  occurs  it  is  impossible  to 
say  with  certainty  since  the  variation  in  length  of  the  individuals  in 
a  given  smear  of  B.  anlhracis  is  usually  so  great  as  to  make  compara¬ 
tive  measurements  impossible.  But  Gram-positive  material  may 
be  shown  to  exist  between  the  Gram-negative  segments  of  a  chain  of 
B.  anlhracis  and  when  this  is  removed  from  the  ends  of  the  organisms 
by  excessive  decolorization  of  lightly  stained  specimens  diminution 
in  length  must  occur  (see  Fig.  A,  a,  h,  and  c,  and  C,  a  and  h) . 

Significance  of  Reversal. 

What  is  the  significance  of  the  change  in  Gram  reaction  and  the 
diminution  in  size  produced  by  the  exposure  of  B.  anlhracis  to  acri¬ 
violet?  It  is  clearly  not  a  specific  reaction  since  it  is  produced  also 
by  substances  other  than  dyes  and  indeed  occurs  in  a  few  individuals 
even  in  the  control  tubes.  Since  acriviolet  is  known  to  have  a  marked 
bacteriostatic  effect  on  B.  anlhracis,  the  reversal  produced  by  this  dye 
might  be  thought  to  be  purely  a  death  phenomenon.  This,  however, 
seems  unlikely  to  be  the  case  since  other  organisms  (like  M.  freuden- 
reichii)  which  are  killed  by  acriviolet  do  not  exhibit  reversal  on  ex¬ 
posure  to  this  dye,  and  since — if  the  vegetative  forms  of  B.  anlhracis 
be  killed  in  other  ways  (as  by  prolonged  boiling  or  exposure  to  bi¬ 
chloride  of  mercury) — reversal  is  not  produced.  Since  a  certain 
amount  of  reversal  usually  occurs  sooner  or  later  in  the  control  tubes 
to  which  no  dye  has  been  added,  it  is  not  unlikely  that  the  dye  simply 
promotes  or  hastens  a  change  in  the  bacteria,  caused  by  degeneration 
or  lysis  (dependent  perhaps  on  change  of  reaction),  which  would 
occur  without  any  dye.  Bacteria  are  no  longer  thought  of  as  entities 
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with  permanent  characteristics,  but  biological  units  which  change 
constantly.  It  is  now  well  known  that  in  their  cycle  of  growth  they 
both  lose  and  acquire  characteristics;  the  Gram  reaction  is  one  of  the 
characteristics  which  may  change  during  growth  or  be  changed  by 
environment.  No  one  has  ever  demonstrated  an  anatomical  basis 
which  might  explain  this  change  of  Gram  reaction;  in  the  case  of 
B.  anthracis  the  finer  structure  of  the  organism  as  revealed  by  these 
studies  appears  to  offer  such  an  anatomical  basis. 

But  what  is  the  cause  of  the  change  in  size?  Three  explanations 
suggest  themselves.  It  might  be  thought  that  the  change  in  size 
was  apparent  rather  than  real  and  that  it  resulted  from  the  heaping  up 
of  methyl  violet  on  the  surface  of  the  Gram-positive  segments,  a  heap¬ 
ing  up  which  did  not  occur  in  the  Gram-negative  segments  whose 
diameter  appeared  therefore  to  be  less.  It  is  possible  of  course  that 
the  apparent  size  of  the  stained  bacteria  is  greater  than  the  actual 
size  of  the  living  organisms  but  I  am  inclined  to  think  that  the  differ¬ 
ence  in  size  produced  by  staining  is  not  great.  In  any  case  the  sug¬ 
gestion  that  the  observed  difference  in  size  between  Gram-negative 
and  Gram-positive  segments  is  not  real  but  entirely  dependent  on 
accumulations  of  stain  in  some  segments  which  do  not  occur  in 
others  is  excluded  by  the  fact  that  the  difference  in  size  is  to  be  ob¬ 
served  (under  the  limitation  noted  below)  also  in  hanging  drop  speci¬ 
mens — which  have  not  been  stained  at  all — as  well  as  in  specimens 
stained  by  safranine  alone,  by  fuchsin  alone,  by  Burke’s  methyl 
violet  alone,  and  by  saturated  alcoholic  gentian  violet  alone 
(Fig.  3,  C  and  D). 

The  second  explanation  which  suggests  itself  is  that  the  difference 
in  size  between  adjacent  Gram-positive  and  Gram-negative  segments 
is  due  to  shrinkage.  It  is  conceivable  that  when  dye  is  added  to 
an  aqueous  suspension  of  B.  anlhracis  osmotic  forces,  acting  through 
the  bacterial  membrane,  extract  material  (possibly  water)  from  cer¬ 
tain  segments,  whose  size  is  in  this  way  diminished.  Since  the 
weighing  experiments  were  done  with  desiccated  specimens,  dehydra¬ 
tion  could  not  be  the  cause  of  the  loss  of  weight  in  the  Gram¬ 
negative  segments. 

If  dehydration  be  brought  about  by  exposing  the  bacteria  to  95  per  cent, 
followed  by  absolute  alcohol  no  such  picture  is  obtained  as  follows  exposure  to  the 
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dyes.  A  slight  diminution  in  diameter  does  occur,  as  the  following  measurements 
show,  but  the  Gram  reaction  is  not  reversed. 


Diameter  control  organisms  (15  measured) .  1.06  /x 

“  after  48  hours  in  95  per  cent  alcohol .  l.OO  n 

“  “  24  “  additional  absolute  alcohol . 85  /x 

Total  loss  of  diameter . 21  /x 


20  per  cent 

If  a  bacterial  suspension  be  evaporated  to  dryness  and  complete  desiccation 
thus  produced  smears  for  examination  of  the  stony  material  which  results  can 
only  be  obtained  after  grinding  it  in  a  mortar.  This  vigorous  treatment  destroys 
bacterial  morphology  and  no  satisfactory  observations  can  be  made  on  the  debris. 

A  third  explanation  of  the  phenomenon  is  that  the  difference  in 
size  observed  in  the  hanging  drop  as  well  as  in  stained  specimens  is  a 
real  difference  and  that  it  is  to  be  explained  by  the  fact  that  B.  anthracis 
is  composed  of  two  parts,  an  outer  layer  which  is  Gram-positive,  and 
an  inner  core  which  is  Gram-negative.  According  to  this  explanation, 
when  the  proper  dye  is  added  to  a  suspension  of  B.  anthracis  the 
outer  Gram-positive  coat  is  destroyed  and  only  the  inner  Gram-nega¬ 
tive  core  remains.  Ectoplasm  and  endoplasm  might  be  the  most 
correct  terms  to  apply  to  these  portions  of  the  bacterial  structure  if 
they  had  not  already  been  used  by  Zettnow^^  in  a  somewhat  different 
sense.  Cortex  and  medulla  are  convenient  descriptive  terms  although 
usually  applied  to  an  organ  rather  than  an  organism.  Adopting 
these  terms  tentatively  we  may  say — if  the  suggested  hypothesis  as 
to  difference  in  size  is  correct — that  the  Gram-positive  cortex  of 
B.  anthracis  is  rather  easily  destroyed  by  lysis  and  by  degeneration; 
that  it  undoubtedly  often  disappears  during  bacterial  growth  (which 
accounts  for  the  occasional  presence  of  Gram-negative  forms  of 
B.  anthracis  in  smears  from  cultures  and  their  frequency  in  old  cul¬ 
tures)  ;  that  the  cortex  is  susceptible  to  the  action  of  distilled  water, 
so  that  it  will  disappear  in  this  medium  after  prolonged  exposure; 
that  it  is  notably  sensitive  to  the  action  of  certain  dyes;  and  that 
when  the  cortex  is  thus  destroyed  the  slender  Gram-negative  medulla 
comes  into  view. 

‘^Zettnow,  Z.  Hyg.  u.  Infectionskrankh.,  1899,  xxx,  1;  1918,  Ixxxv,  17. 
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A  good  deal  of  evidence  has  been  gathered  for  the  correctness  of 
this  hypothesis,  but  it  cannot  perhaps  be  said  that  the  case  is  abso¬ 
lutely  established.  Final  proof  would  be  afforded  if  cross-sections 
of  bacteria  could  be  obtained  and  if  these,  when  stained  by  Burke’s 
method,  exhibited  a  Gram-negative  core  and  a  Gram-positive  periph¬ 
ery.  This  proof,  though  we  have  endeavored  to  obtain  it,  cannot 
now  be  presented  at  least  in  convincing  form.  Numerous  efforts 
have  been  made  by  varying  technic  to  get  satisfactory  bacterial 
sections  but,  largely  because  of  technical  difficulties,  without  success. 
In  the  preparations  examined  a  few  objects  were  seen  which  strongly 
suggested  cross-sections  of  bacteria,  pink  in  the  centre  and  blue  at 
the  periphery.  But  in  examining  these  preparations,  with  the  high- 
power  and  strong  illumination  required,  color  distortions  occur — 
particularly  in  looking  at  minute  objects — and  these  may  easily  lead 
one  astray.  Further  attempts  of  this  kind  are  now  in  course. 

Perhaps  as  strong  evidence  as  could  be  desired  for  the  hypothesis 
that  B.  anthracis  consists  of  a  Gram-positive  cortex  and  a  Gram-nega¬ 
tive  medulla  (short  of  that  which  bacterial  sections  would  furnish), 
is  provided  by  the  picture  obtained  when  smears  from  a  young  culture 
of  this  organism  are  stained  by  a  modified  Burke  technic  in  which 
duration  of  exposure  to  dye  and  mordant  is  greatly  shortened,  and 
duration  of  exposure  to  decolorizer  greatly  increased.  In  specimens 
of  this  kind  one  finds  individual  bacteria  in  all  stages  of  decoloriza- 
tion.  A  few  of  them  may  have  retained  their  Gram  positivity.  But 
many  are  entirely  Gram-negative,  while  still  others  show  the  remains 
of  Gram-positive  material  clinging  to  the  surface  in  the  form  of 
granules  or  lumps  or  plaques  among  which  the  pink  Gram-negative 
medulla  can  be  seen  shining  through.  The  appearance  is  exactly 
that  of  a  banana,  the  skin  of  which  had  been  in  places  removed,  par¬ 
tially  exposing  the  fruit  within  (see  Fig.  4,  A).  Such  a  picture  fits  in 
well  with  the  hypothesis  under  discussion.*  Whether  in  specimens 
which  have  thus  been  partially  decolorized  bacterial  substance  is 
actually  dissolved  away  from  the  surface  of  the  organism  by  the 

*  A.  T.  Henrici  (/.  Med.  Research,  1914,  xxx,  409)  has  described  similar 
partial  decolorizations  of  yeast  cells  but  appears  not  to  have  drawn  any  con¬ 
clusions  as  to  the  significance  of  these  observations  beyond  their  bearing  on 
the  Gram  reaction. 
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decolorizer,  or  whether  merely  the  mordanted  methyl  violet  is  dis¬ 
solved  away  leaving  the  now  unstained  and  invisible  bacterial  surface 
material  behind,  has  not  yet  been  definitely  proven.  The  former 
explanation  seems  perhaps  more  likely  to  be  the  correct  one.  If  it 
is,  then  specimens  which  have  been  partially  decolorized  ought— if 
restained  by  the  ordinary  Burke  technic — to  look  just  as  they  did 
before  the  restaining,  since  the  surface  material,  capable  of  retaining 
the  methyl  violet,  has  been  in  large  part  removed  by  the  partial 
decolorization.  Such  a  result  is  illustrated  in  Fig.  4,  C.  The  only 
difference  between  this  picture,  which  represents  a  specimen  which 
has  been  partially  decolorized  and  then  restained  by  Burke  and  the 
picture  shown  in  Fig.  4,  A, — which  represents  a  specimen  that  has 
been  partially  decolorized  but  not  restained — is  that  the  Gram-nega¬ 
tive  material  in  Fig.  4,  C,  has  a  slight  purplish  tint.  If  such  a  result 
had  been  always  obtained  when  this  experiment  was  done  the  matter 
would  be  clear  enough.  But  sometimes  the  partially  decolorized 
organisms,  when  restained,  retained  the  Gram  stain  throughout. 

Two  critical  experiments  could  be  done  to  determine  whether  the 
change  of  size,  in  the  bacteria  which  have  been  exposed  to  dye, 
actually  rested  on  the  anatomical  structure  of  B.  anthracis  B.?,  we  have 
suggested.  One  ought  to  be  able  to  show  an  actual  loss  of  weight 
in  the  bacteria  which  have  been  subjected  to  the  dye,  as  compared 
with  the  controls;  the  demonstration  of  such  a  loss  of  weight,  provided 
the  specimens  be  desiccated  before  weighing,  would  prove  that  ap¬ 
parent  diminution  in  size  was  real  and  would  eliminate  shrinkage  as 
an  explanation  of  the  phenomena.  One  ought  also  to  be  able  to  dem¬ 
onstrate  the  presence  of  protein  or  hydrolytic  products  of  protein  in 
the  acriviolet  to  which  the  bacteria  had  been  exposed.  These  two 
tests  were  made  and  since  both  gave  definite  results  agreeing  with 
the  hypothesis  they  provided  additional  testimony  that  the 
explanation  suggested  was  correct. 

Weighing  Experiments. 

The  weight  of  the  desiccated  centrifugate  from  a  heavy  aqueous 
suspension  of  B.  anihracis  was  determined  and  compared  with  the 
weight  of  a  similar  centrifugate  from  a  suspension  to  which  gentian 
violet  had  been  added  and  in  which  reversal  of  Gram  and  diminution 
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in  calibre  had  been  produced.  Definite  loss  of  weight  was  shown 
to  have  occurred  in  the  gentian  violet  suspension.  These  experi¬ 
ments  gave  the  following  results. 

Gentian  violet 

Control  tube 

Weight  of  tube  plus  dried  centrifugate. . .  11 . 350  gm.  11 . 8250  gm. 

“  “  empty  tube .  11.324  “  11.8114  “ 

“  “  bacteria . 027  “  .0136  “ 

.0136  “ 

Loss  of  weight  in  gentian  violet  tube . 0134  “  =  49.6  per  cent 


If  it  be  assumed  that  all  the  gentian  violet  dissolved  in  the  tube  went  to  the 
bottom  with  the  bacteria  during  centrifugation  the  figures  become  (since  the 
amount  of  gentian  violet  used  weighed  .001  gm.) ; 


Weight  of  bacteria  in  control  tube . 

. 027 

gm. 

“  “  “  “  gentian  violet  tube. 

. 0126 

Loss  of  weight  in  gentian  violet  tube .... 

. 0144 

“  =53.3  per  cent 

This  experiment  was  repeated  by  identical  technic  except  that  on  this  occasion 
it  w'as  necessary  to  allow  the  tube,  to  which  gentian  violet  had  been  added,  to  stand 
only  3  hours  in  order  to  produce  a  complete  reversal  of  Gram  reaction.  The 

results  of  this  experiment  were  as  follows: 

Control 

Gentian  violet 
tube 

Weight  of  tube  plus  dried  centrifugate.  . . 

11.4535  gm. 

11.0547  gm. 

“  “  empty  tube . 

11.3336  “ 

11.0274  “ 

“  “  bacteria . 

.1199  “ 
.0273  “ 

.0273  “ 

Loss  of  weight  in  gentian  violet  tube .... 

.0926  “  = 

=  77.2  per  cent 

The  experiment  was  again  repeated  in  another  way.  Instead  of  centrifugating 
the  specimens  they  were  passed  through  previously  weighed  Berkefeld  N  5  filters, 
which  were  then  dried  and  weighed.  The  results  were  as  follows: 

Gentian  violet 
Control  tube 

Weight  of  filter  plus  dried  bacteria .  64. 1370  gm.  74.9680  gm. 

“  “  “  alone .  61.5384  “  73.3028  “ 

“  “  bacteria .  2.5986  “  1.6652  “ 

1.6652  “ 

Loss  of  weight  in  gentian  violet  suspension  .9334  “  =  35.9  +  per  cent 
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Protein  Tests  of  the  Filtrate. 

If  the  suggestion  is  correct  that  the  difference  in  diameter  between 
the  Gram-positive  and  Gram-negative  forms  of  B.  anthracis,  is  due 
to  the  solution  of  an  outer  Gram-positive  coat,  the  presence  of  this 
protein — or  protein-like — material  ought  to  be  demonstrable  in  the 
filtrate  of  a  suspension  of  B.  anthracis  to  which  dye  has  been  added. 
Such  a  demonstration  was  made.  For  the  purpose  the  ninhydrin 
test  was  used.  This  test  is  not  specific  for  proteins^®"”  so  that  it 
can  only  be  said — not  that  the  presence  of  protein  was  demonstrated — 
but  that  ninhydrin-positive  bodies  were  present  in  the  filtrates  from 
suspensions  of  B.  anthracis  which  had  been  exposed  to  dyes.  These 
experiments  were  done  as  follows: 

Heavy  aqueous  suspensions  of  B.  anthracis  were  centrifugated,  washed  three 
times  in  saline,  and  filtered  through  imused  Berkefeld  filters  into  glassware  which 
had  been  cleansed  with  aqua  regia.  Filtrates  were  tested  by  ninhydrin,  biuret, 
and  Heller  tests.  The  control  filtrates  were  negative.  The  filtrates  from  sus¬ 
pensions  to  which  dye  had  been  added  gave  a  positive  ninhydrin  test,  and,  when 
concentrated  by  evaporation,  a  positive  biuret. 

It  seems  clear  therefore  that  material,  probably  but  not  certainly 
protein  in  nature,  is  dissolved  away  by  gentian  violet,  since  its  presence 
can  be  determined  in  the  filtrate  from  'suspensions  of  B.  anthracis 
to  which  the  dye  has  been  added,  the  controls  (made  with  saline  in 
order  to  avoid  bacteriolysis)  being  negative  by  the  biuret  and  ninhy¬ 
drin  tests.  Experiments  are  now  under  way  to  determine  the  nature 
of  the  material  present  in  the  gentian  violet  filtrate  and  to  see  whether 
it  has  any  toxic,  immunizing,  or  other  important  properties. 

iMany  observers  have  noticed  the  occurrence,  in  cultures  of  B. 
anthracis  (and  indeed  of  other  organisms),  of  bizarre  forms.  Some 
of  these  bear  a  remote  similarity  to  those  produced  by  exposure  to 
dyes.  But  they  have  usually  been  dismissed  as  “involution  forms” 
resulting  from  plasmolysis  or  plasmoptysis  {e.g.  Gotschlich),!®  or  as 

^®Ruhemann,  S.,  J.  Chem.  Soc.,  1910,  xcvii,  2030;  1911,  xcix,  798. 

Neuberg,  C.,  Biochem.  Z.,  1913,  Ivi,  500-506;  1914,  Ixvii,  56. 

”  Harding,  V.  J.,  and  MacLean,  R.  M.,  J.  Biol.  Chem.,  1916,  xxv,  350. 

Gotschlich,  E.,  in  Kolle,  W.,  and  von  Wassermann,  A.,  Handbuch  der 
pathogenen  Mikroorganismen,  Jena,  2nd  edition,  1912,  i,  45. 
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“'teratological  forms, or  as  “degeneration  forms/'  In  his  beauti¬ 
ful  studies  of  the  morphology  of  B.  anthracis  Preisz*'’  pictures,  without 
apparently  paying  much  attention  to  them,  bizarre  forms  of  this 
kind.  He  worked  with  old  cultures,  the  organisms  were  not  stained 
by  Gram,  but  vitally  stained  with  fuchsin,  and  nothing  is  said  of 
their  Gram  reaction.  In  Fig.  7,  Table  3,  of  his  1909  publication  stout 
and  slender  segments  are  represented.  Nothing  is  said  about  them. 
The  specimen  was  not  stained  by  Gram.  It  was  made  from  a  2  days 
old  culture  which  had  been  exposed  to  a  mixture  of  dog  and  guinea 
pig  serum  (5ll),  and  Preisz  appears  to  have  paid  little  attention  to 
the  question  of  size.  He  made  no  measurements.  Preisz’  chief 
interest  lay  in  the  capsule  which  he  regarded  as  a  degeneration  product 
of  the  cell  membrane.  Zettnow,^^  who  was  interested  chiefly  in 
bacterial  chromatin,  worked  solely  with  the  Romanowski  stain. 
He  described  the  bacillus  of  anthrax  as  composed  of  two  parts:  an 
ectoplasm,  which  remains  colorless  by  the  Romanowski  and  all 
ordinary  staining  methods,  and  an  entoplasm  which  stains  blue  by 
Romanowski,  and  which  contains  chromatin  (stained  red  by  Romanow¬ 
ski).  “A  large  number  of  bacteria  consist  entirely  of  chromatin. 
Even  in  those  which  stain  both  blue  and  red,  chromatin  strongly 
predominates.  In  exceptional  cases  in  very  young  cultures  the 
plasma  occurs  in  larger  amounts  than  the  chromatin  but  as  growth 
proceeds  the  relation  is  reversed.”  The  ectoplasm,  compared  to 
the  entoplasm,  is  said  to  be  relatively  poor  in  water  content  and  is 
more  concentrated,  as  is  clear  from  its  greater  resistance  to  stains, 
to  plasmolysis,  and  to  destructive  influences.  In  contradistinction 
to  B.  anthracis,  cocci  and  sarcinae  take  only  one  color,  the  blue  (ento¬ 
plasm).  Zettnow  made  no  studies  by  the  Gram  method.  He  made 
no  measurements.  In  our  own  work  smears  of  organisms  which 
had  been  exposed  to  acriviolet  until  partial  reversal  had  occurred 
were  stained  by  numerous  polychrome  methods,  including  Romanow¬ 
ski.  No  selective  staining,  such  as  that  described  by  Zettnow,  was 
observed.  From  all  these  data  it  seems  clear  that  there  is  no  relation 
between  the  picture  obtained  by  Zettnow  and  that  described  in  this 
communication.  Zettnow’s  ectoplasm  is  said  to  remain  colorless 

Maassen,  A.,  Arb.  k.  Gsndhlsamte,  1904,  xxi,  385. 

Preisz,  H.,  Centr,  Bakt.,  1.  Abt.,  Orig.,  1903-04,  xxxv,  657;  1909,  xlix,  341. 
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in  all  ordinary  staining  methods.  Since  both  cortex  and  medulla 
stain  readily  both  would  appear  to  lie  within  the  entoplasm. 

Gram  Stability  and  Gram  Instability. 

The  fact  that  the  material  responsible  for  the  Gram  positivity  of 
B.  anthracis  appears  to  be  confined  to  the  surface  of  this  organism 
and  that  the  centre  is  Gram-negative,  made  it  seem  likely  that  the 
Gram  positivity  of  B.  anthracis  would  be  relatively  unstable  as 
compared  with  that,  for  example,  of  M.  freudenreichii,  an  organism 
in  which  no  distinction  between  Gram-positive  surface  and  Gram¬ 
negative  interior  had  been  demonstrable.  It  had  been  found,  indeed, 
by  preliminary  observations  that, — although  young  cultures  of 
B.  anthracis  were  completely  and  definitely  Gram-positive  (when 
stained  by  the  Burke  method),  provided  the  technic  was  accurately 
followed — an  increasing  proportion  of  individuals  in  a  given  specimen 
became  Gram-negative  if  the  time  of  exposure  to  dye  and  mordant 
was  diminished  and  the  time  of  exposure  to  decolorizer  increased. 
A  systematic  study  was  therefore  made  to  see  what  the  effect  on 
different  Gram-positive  organisms  would  be,  of  variations  in  time  of 
exposure  to  stain,  to  mordant,  and  to  decolorizer.  It  was  found  that 
for  many  organisms  {M.  freudenreichii  may  be  cited  as  a  typical 
example)  variations  in  time  of  exposures  made,  within  wide  limits, 
practically  no  difference  in  the  results,  M.  freudenreichii  being  always 
99  per  cent  to  100  per  cent  positive.  In  the  case  of  other  Gram-posi¬ 
tive  organisms  {B.  anthracis  for  example),  wide  variations  in  the 
result  could  be  obtained  by  varying  the  technic  as  regards  time  of 
exposure.21 

The  facts  are  well  represented  in  Fig.  4,  B,  in  which  are  illustrated 
the  results  of  an  experiment  done  with  a  suspension  containing  a 
mixture  of  B.  anthracis  (N.  Y.  B.  of  H.)  and  M.  freudenreichii. 
The  smear  has  been  stained  by  a  modified  Burke  technic  (stain  5 
seconds,  iodine  5  seconds,  decolorizer  10  minutes).  B.  anthracis  hsiS 
been  largely  decolorized:  M  .freudenreichii  unaffected. 

When  investigated  in  two  ways  therefore — by  the  results  of  ex¬ 
posure  to  acriviolet  (see  Fig.  2)  or  by  modifications  of  staining  tech- 


Churchman,  J.  W.,  Stain  TechnoL,  1927,  ii,  21. 
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nic  in  the  direction  of  diminished  time  of  exposure  to  dye  and  mor¬ 
dant  and  prolonged  time  of  exposure  to  decolorizer  (see  Fig.  4,  B) — two 
Gram-positive  organisms  are  seen  to  behave  quite  differently,  as 
regards  their  Gram  reaction.  Light  is  thus  thrown  on  the  mechanism 
of  the  Gram  reaction  and  the  fact  emerges  that  this  mechanism  is 
not  necessarily  the  same  in  the  case  of  bacteria  of  different  species 
even  though  their  behavior  to  the  standard  technic  is  identical.  This 
distinction  between  stable  and  unstable  Gram-positives  appears  to 
be  a  useful  one.  It  is  suggested  that  in  recording  the  Gram  reaction 
of  new  species,  some  such  set  of  comparative  tests  as  here  described 
be  carried  out  so  that  the  stability  of  the  reaction  be  known. 

Examination  of  Hanging  Drop  Specimens. 

Attention  has  been  called  to  the  facts  that  the  difference  in  size 
between  Gram-positive  and  Gram-negative  segments  of  B.  anthracis 
is  demonstrable  in  unstained  hanging  drop  specimens,  made  from 
suspensions  which  have  been  exposed  to  acriviolet  or  gentian  violet 
and  in  smears  stained  with  a  single  dye  like  methyl  violet.  From 
these  facts — represented  in  Fig.  3,  C  and  D, — one  can  only  conclude 
that  the  reduction  in  calibre  is  real  and  not  the  result  of  an  artefact. 

The  experiment  of  May  25,  from  which  Fig.  3,  D,  was  made,  may 
be  cited.  A  suspension  of  a  3  hour  culture  of  B.  anthracis  No.  10 
was  made  and  gentian  violet  added.  At  the  enc  ‘'f  2  hours  smears 
stained  by  Burke,  showed  that  the  organism  had  changed  from  100 
per  cent  Gram-positive  to  50  per  cent  Gram-positive  and  beautiful 
instances  of  great  variation  in  size  between  adjacent  bacterial  seg¬ 
ments  were  numerous.  A  hanging  drop  specimen  was  made.  The 
organisms  had  picked  up  enough  of  the  gentian  violet  to  which  they 
had  been  exposed  to  be  clearly  visible  and  the  marked  differences  in 
size  represented  in  the  figure  were  readily  made  out.  It  was  notice¬ 
able  that  the  stout  segments  were  always  more  deeply  stained  than 
the  slender. 

Observations  of  this  sort  left  no  doubt  as  to  the  reality  of  the 
difference  in  size  between  adjacent  bacterial  segments.  But  through¬ 
out  the  experiments  with  hanging  drop  specimens  I  was  struck 
by  a  curious  fact:  If  specimens  of  B.  anthracis  which  had  been 
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treated  with  acriviolet  were  stained  by  Burke  or  by  Paltauf  and  the 
stout  and  slender  forms  measured,  a  difference  of  diameter — often 
as  high  as  60  per  cent — was  readily  made  out.  If,  however,  specimens 
from  the  same  tube  were  stained  with  a  single  dye  or  examined  in  the 
hanging  drop  this  difference  in  size  was  sometimes  by  no  means  so 
readily  observed.  This  observation  led  us  at  first  to  the  conclusion 
that  the  difference  in  diameter  which  we  had  seen  in  the  smears 
stained  by  Burke  was  apparent  and  not  real.  The  demonstration, 
however,  of  an  actual  loss  of  weight,  of  a  clear  difference  of  size  in 
many  of  the  hanging  drop  specimens,  of  the  presence  of  protein  (or 
related  substance)  in  the  filtrate  from  bacterial  suspensions  containing 
acriviolet,  and  of  the  presence  of  cortex  and  medulla,  by  methods  of 
partial  decolorization,  all  pointed  to  a  real  and  not  an  apparent  loss 
of  calibre. 

The  fact  that  the  difference  in  size  between  Gram-positive  and 
Gram-negative  segments  is  not  as  a  rule  so  obvious,  in  the  fresh 
specimen  and  in  those  stained  with  a  single  stain,  as  it  is  in  the  speci¬ 
men  stained  by  Burke,  is  to  be  explained  partly  by  the  fact  that  the 
Burke  stain  gives  a  contrast  of  color  which  at  once  attracts  the  eye 
and  at  the  same  time  emphasizes  the  difference  in  size.  This  contrast 
is  absent  in  the  single  stains  and  change  in  size  unless  very  marked 
is  easily  overlooked  even  when  it  is  present.  Another  reason  for  the 
apparent  discrepancy  is  that  the  Gram-negative  segments — that  is 
to  say,  the  smaller  segments — often  stain  (when  only  single  stains 
are  used)  very  lightly,  in  some  cases  not  at  all;  and  these  ghosts  easily 
escape  detection.  In  the  fresh  specimen  the  slender  segments  are 
translucent,  often  nearly  invisible,  and  it  is  probable  that  many  of 
them  are  overlooked.  It  may  also  be  the  case  that  the  Burke  stain 
somewhat  exaggerates  the  degree  of  the  difference  in  size,  which  is 
none  the  less  real. 

It  results  from  all  this  that  one  must  have  for  examination  in  the 
fresh  or  with  single  stains,  specimens  in  which  the  difference  in  size 
is  quite  marked  indeed.  In  specimens  stained  by  Burke  on  the  other 
hand  the  difference  in  size  is  very  striking  even  when  it  is  not  great 
in  degree. 
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SUMMARY. 

1.  The  addition  of  small  amounts  of  aqueous  gentian  violet,  acri- 
flavine,  or  acriviolet  to  suspensions  of  young  cultures  of  B.  anthracis 
reverses  their  Gram  reaction,  and  diminishes  their  diameter  about 
40  per  cent. 

2.  The  time  required  for  these  changes  varies  with  the  strain  of 
B.  anlhracis  examined. 

3.  These  changes  are  accompanied  by  a  loss  of  weight. 

4.  Ninhydrin-positive  substances  are  demonstrable  in  the  filtrate 
from  suspensions  of  B.  anthracis  to  which  dyes  have  beei.  added. 

5.  Similar  changes  are  produced  by  these  dyes  in  many,  but  not 
in  all,  of  the  sporogenic  aerobes. 

6.  Non-spore  bearers  are  for  the  most  part  unafifected  in  these 
ways  by  the  dyes,  although  to  this  statement  there  are  a  number  of 
exceptions. 

7.  The  change  in  size  produced  by  the  dyes  is  demonstrable  in 
hanging  drop  specimens  as  well  as  in  stained  smears,  but  not  with 
equal  constancy. 

8.  Partial  decolorizations  of  B.  anthracis  are  described,  which  are 
produced  by  modifications  of  the  Burke  technic  in  which  time  of 
exposure  to  dye  is  shortened  and  time  of  exposure  to  decolorizer 
lengthened. 

9.  The  explanation  for  these  phenomena  which  accords  with  all 
the  known  facts  is  that  they  depend  on  the  existence  in  B.  anthracis 
of  a  Gram-positive  cortex  and  a  Gram-negative  medulla.  Positive 
proof  of  the  correctness  of  this  explanation  must  await  the  evidence 
furnished  by  cross-sections  of  bacteria. 

p:xplanation  of  plates. 

Plate  34. 

Fig.  1.  Camera  lucida  drawing.  Magnification  X  4200.  This  plate  shows  two 
successive  stages  in  the  change  produced  in  the  Gram  reaction  and  in  the  calibre 
of  B.  anthracis  (A.  T.  C.  No.  10)  by  e.xposure  to  acriviolet.  Smears  stained  by 
Burke’s  method. 

A ,  smear  made  for  control  at  the  beginning  of  the  experiment.  The  organism 
is  completely  Gram-positive. 

B,  smear  made  from  a  specimen  which  has  been  exposed  to  acriviolet  for  45 
minutes.  Partial  reversal  of  the  Gram  reaction  has  occurred,  about  25  per  cent 
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of  the  individuals  being  Gram-positive  and  75  per  cent  Gram-aegative.  Notice 
the  marked  difference  in  calibre  between  the  Gram-negative  forms  and  the  Gram¬ 
positive,  and  the  fact  that  the  spore  is  entirely  contained  in  the  Gram-negative 
portion  of  the  organism  (a) .  One  gets  the  impression  of  a  smear  made  from  a  mix¬ 
ture  of  two  different  organisms. 

C,  smear  made  from  a  specimen  which  has  been  exposed  to  acriviolet  for  2 
hours,  showing  complete  reversal  of  Gram  reaction.  Practically  every  individual 
is  now  Gram-negative. 

Plate  35. 

Fig.  2.  Camera  lucida  drawing  of  a  mixture  of  B.  anihracis  (N.  Y.  B.  of  H.) 
and  M.  freudenreichii  (A.  T.  C.).  Magnification  X  4200.  Stained  by  Burke’s 
method. 

A ,  smear  from  the  control  tube.  Both  organisms  are  sharply  and  completely 
Gram-positive.  One  stray  Gram-negative  individual  of  B.  anihracis  is  seen. 

B,  smear  from  specimen  which  has  been  exposed  to  acriviolet.  The  Gram 
reaction  of  B.  anihracis  has  been  in  large  part  reversed,  almost  all  of  the  individual 
organisms  being  now  Gram-negative.  All  the  individual  organisms  of  M. 
freudenreichii  are,  on  the  other  hand,  as  strongly  Gram-positive  as  at  the  start 
of  the  experiment.  The  difference  in  calibre  between  Gram-positive  and  Gram¬ 
negative  forms  is  ver>'  evident. 

Pl.\te  36. 

Fig.  3.  Camera  lucida  drawings.  Magnification  X  4200. 

This  plate  represents  the  slight  variations  in  difference  of  size,  between  Gram- 
ix)sitive  and  Gram-negative  forms,  produced  by  varying  the  conditions  of  the 
experiment. 

yl,  smear  made  from  a  specunen  of  B.  anihracis  (N.  Y.  B.  of  H.)  which  has  lieen 
exposed  to  acriviolet  until  partial  reversal  of  Gram  reaction  has  occurred,  and 
slained  by  Paltauf’s  modificalion.  The  difference  in  calibre,  between  Gram 
negative  and  Gram-positive  forms,  though  definite,  is  less  marked  than  in  />. 
Notice  (a)  the  spores  within  the  medulla. 

B,  smear  made  from  a  specimen  of  B.  anihracis  (A.  T.  C.  No.  10)  which  has  been 
exposed  to  acriviolet  and  stained  hy  Burke's  modificalion.  Compare  the  difference 
in  calibre  with  that  shown  in  .1 . 

C,  smear  made  from  a  specimen  of  B.  anihracis  (A.  T.  C.  No.  10)  which  has 
been  exposed  to  acriviolet  and  slained  only  wilh  Burke’s  methyl  violet.  The  pres¬ 
ence  of  stout  and  slender  forms  is  evident.  The  picture  obtained  in  the  specimens 
stained  by  *^he  Burke  technic  cannot  therefore  be  an  artefact  produced  by  that 
technic. 

D,  drawing  of  individual  organisms  seen  in  a  hanging  drop  specimen  made 
from  a  suspension  of  B.  anihracis  (A.  T.  C.  No.  10)  which  has  been  exposed  to 
gentian  violet.  The  living  organisms  have  taken  up  enough  of  the  stain  to  make 
them  clearly  visible  and  the  difference  in  calibre  between  Gram-positive  segments 
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(which  take  the  stain  fairly  well)  and  the  Gram-negative  segments  (which  remain 
pale)  is  perfectly  clear.  The  difference  in  size  caused  by  exposure  to  dyes  is 
therefore  real  and  not  an  artefact  produced  by  the  Burke  technic. 

Plate  37. 

Fig.  4.  Camera  lucida  drawings.  Magnification  X  4200. 

A ,  partial  decolorization  of  B.  anthracis  (A.  T.  C.  No.  10)  by  modified  Burke 
technic  (stain  5  seconds,  iodine  5  seconds,  decolorizer  3  minutes). 

The  Gram-positive  material  has  been  partially  removed  from  the  surface, 
persisting  only  as  plaques  or  lumps  or  stippling  through  which  the  pink  Gram¬ 
negative  rod  in  the  interior  of  the  organism  can  be  seen.  Notice  (a,  b,  c)  the  caps 
of  Gram-positive  material  at  the  ends  of  the  bacterial  segments. 

B,  smear  of  a  mixture  of  B.  anthracis  (A.  T.  C.  No.  10)  and  M.  freudenreichii 
(A.  T.  C.)  which  has  been  stained  by  modified  Burke  technic  (stain  5  seconds, 
iodine  5  seconds,  decolorizer  10  minutes). 

Almost  every  individual  organism  of  B.  anthracis  has  been  completely  de¬ 
colorized;  but  M .  freudenreichii  has  remained  completely  Gram-positive. 

C,  smear  of  B.  anthracis  (A.  T.  C.  No.  10)  stained  by  the  same  modification  of 
Burke’s  technic  as  that  used  in  the  experiment  represented  in  A ,  and  then  restained 
by  the  ordinary  Burke  technic.  The  portions  of  the  organisms  which  were  de¬ 
colorized  by  the  first  process  now  fail  to  take  the  stain  in  the  second  and  appear 
as  in  A,  except  that  the  pink  color  has  become  purplish  pink.  Notice  (a,  h) 
terminal  caps  of  Gram-positive  material. 

PL.A.TE  38. 

Fig.  5.  Photographs  of  single  chains  from  specimens  of  B.  anthracis,  which 
have  been  exposed  to  acriviolet,  to  show  the  difference  in  calibre  between  Gram¬ 
negative  and  Gram-positive  segments  as  seen  at  various  magnifications.  On 
account  of  the  difference  in  calibre  accurate  focussing  at  the  higher  magnifications 
is  impossible. 

A,  magnification  X  1400.  Stained  by  Burke’s  modification.  Alternating 
Gram-positive  and  Gram-negative  segments.  B.  anthracis  (A.  T.  C.  No.  10). 

B,  magnification  X  1800.  A  Gram-negative  segment  with  a  Gram-positive 
segment  at  either  end  is  plainly  seen.  B.  anthracis  (A.  T.  C.  No.  10)  stained  by 
Burke’s  modification. 

C,  magnification  X  2500.  The  same  chain  represented  in  B. 

D,  magnification  X  3200.  B.  anthracis  (N.  Y.  B.  of  H.)  stained  by  Paltauf’s 
modification.  The  difference  in  calibre  between  Gram-positive  and  Gram¬ 
negative  segments,  though  clear,  is  less  marked  than  in  A ,  B,  and  C. 
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(Churchman:  B.  anihracis  and  Gram  reaction.) 
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(MacKay  and  MacKay) 

429 

Agglutination : 

Precipitin  (Jones)  303 
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anthracis,  structure,  and  rever¬ 
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coli,  from  bovine  sources,  and 
its  mutant,  normally  and 
serologically  induced  resist¬ 


ance  (Smith)  141 

— ,  pathogenic,  from  bovine 
sources,  I  (Smith  and 
Little)  123 

— ,  — ,  —  bovine  sources.  II 
(Smith  and  Bryant)  133 
— ,  — ,  —  bovine  sources.  Ill 
(Smith)  141 

— ,  — ,  —  bovine  sources.  IV 
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from  standpoint  of  bacterio- 
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— , - ,  mode  of  spread  of 

infection.  II  (Webster  and 
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— ,  —  — ,  mode  of  spread  of 
infection.  Ill  (Webster 
and  Burn)  871 

— , - ,  mode  of  spread  of 

infection.  IV  (Webster 
and  Burn)  887 

— , - ,  relative  virulence  of 

smooth,  mucoid,  and  rough 
strains  (Webster  and  Burn) 
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Bacillus — continued : 

Friedlander’s,  soluble  specific 
substance.  Ill  (Goebel 
and  Avery)  601 

— ,  Type  A,  isolation  and  prop¬ 
erties  of  specific  carbohy¬ 
drate  (Goebel  and  Avery) 
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• — ,  —  C,  isolation  and  prop¬ 
erties  of  specific  carbohy¬ 
drate  (Goebel  and  Avery) 
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tuberculosis,  bovine,  relation 
of  monocytes  and  clasmato- 
cytes  to  early  infection  in 
rabbits  (Sabin  and  Doan) 

627 

— ,  human,  biological  reactions 
in  rabbits  to  phosphatide 
from  (Sabin  and  Doan) 

645 

— ,  — ,  —  —  in  rabbits  to 
protein  from  (Sabin  and 
Doan)  645 

— ,  surface  composition  (Mudd 
and  Mudd)  167 

Bacteriolysis : 

Pneumococcus  extracts,  oxi¬ 
dized,  reactivation  of  bac¬ 
teriolytic  activity  (Neill 
and  Fleming)  263 

Bacteriophage : 

Scoi^rs  type  of  Bacillus  coli, 
variations  in  bacteriophagic 
action  (Nelson)  549 

Streptococcus.  I  (Shwartz- 
man)  497 

Bacterium: 

Acid-fast,  serum  sensitization 
(Mudd  and  Mudd) 

173 

— ,  surface  composition  (Mudd 
and  Mudd)  167 

Cells  from  smooth,  mucoid, 
and  rough  colonies  of  mouse 
typhoid  Bacillus  enteritidis 
(Webster  and  Burn) 
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Bacterium — continued:  i 

Enzyme.  VI  (Sugg,  Fleming, 
and  Neill)  909 

Biochemistry: 

Bacillus  coli,  capsular  sub¬ 
stance  (Smith)  155 

Blood : 

Cell,  red.  See  Erythrocyte. 

— ,  white.  See  Leucocyte. 
Cells,  electrophoresis,  relation 
to  leucocyte  emigration  (Ab¬ 
ramson)  987 

Circulating,  temperature  (Bin- 
GER  and  Christie) 

595 

Normal,  extracorporeal  throm¬ 
bosis  (Shionoya)  13 

Oxygen  absorption  by  blood 
from  normal  individuals 
compared  with  absorption 
by  blood  from  patients  with 
increased  leucocyte  counts 
(Daland  and  Isaacs) 

53 

Regeneration,  and  respiratory 
exchange  in  anemia,  in¬ 
fluence  of  protein-free  liver 
extracts  (Jeney)  689 

— ,  —  —  —  in  anemia,  in¬ 
fluence  of  protein-free  spleen 
extracts  (Jeney)  689 

Venous,  oxygen  content  after 
upper  gastrointestinal  tract 
obstruction  (Haden  and 
Orr)  709 

Blood  pressure : 

Atherosclerosis  and,  in  rabbit 
(Dominguez)  463 

Systolic,  of  normal  rabbit, 
by  modified  Van  Leersum 
method  (Dominguez) 

443 


Breuer: 

Hering-Breuer  reflex.  See  Re¬ 
flex. 


C 


Carbohydrate : 

Friedlander’s  bacillus.  Type  A, 
isolation  and  properties 
(Goebel  and  Avery) 

601 

—  — ,  —  C,  isolation  and 

properties  (Goebel  and 
Avery)  601 

Cattle : 

Bacillus  coli,  pathogenic.  I 
(Smith  and  Little) 

123 

—  — ,  — .  II  (Smith  and 

Bryant)  133 

- ,  — .  Ill  (Smith) 

141 

- ,  — .  IV  (Smith) 

155 

—  tuberculosis,  bovine,  relation 
of  monocytes  and  clasmato- 
cytes  to  early  infection  in 
rabbits  (Sabin  and  Doan) 

627 


CeU: 

Bacterial,  from  smooth, 
mucoid,  and  rough  colonies 
of  mouse  typhoid  Bacillus 
enteritidis  (Webster  and 
Burn)  871 

Blood,  red.  See  Erythrocyte. 
— ,  relation  of  electrophoresis 
to  leucocyte  emigration  (Ab¬ 
ramson)  987 

— ,  white.  See  Leucocyte. 
Living,  microspirometer  for 
study  of  oxygen  absorption 
(Wilbur,  Daland,  and 
Cohen)  43 

Pneumococcus,  immunological 
distinctions  between  hemo- 
toxin  and  protein  fraction 
(Neill,  Fleming,  and  Gas- 
PARi)  777 

Respiration.  I  (Wilbur, 
Daland,  and  Cohen) 

43 
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Cell — continued: 

Respiration.  II  (Daland  and 
Isaacs)  53 

Tumor  not  transmitted  by 
cell-free  materials  (Pearce 
and  Murphy)  205 

Cholera : 

Vibrio,  specific  substance 
(Landsteiner  and  Levine) 
213 


Circulation : 

Blood,  circulating,  tempera¬ 
ture  (Binger  and  Christie) 
595 

Clasmatocyte : 

Monocyte  and,  relation  to  early 
infection  in  rabbits  with 
bovine  tubercle  bacilli 
(Sabin  and  Doan)  627 

Cultivation : 

Bacillus  coli,  from  bovine 
sources,  pathogenic  action  of 
culture  filtrates  (Smith  and 
Little)  123 


D 

Diathermy: 

I  (Binger  and  Christie) 

571 

II  (Binger  and  Christie) 

585 

III  (Binger  and  Christie) 

595 

IV  (Christie  and  Binger) 


Host  resistance  in  paratyphoid- 
enteritidis  infection,  effect 
on,  of  (Pritchett)  557 
Protein,  dietary,  effect  on  re¬ 
maining  kidney  after  uni¬ 
lateral  nephrectomy  (Moise 
and  Smith)  27 

Tissue  growth  and.  V  (Moise 
and  Smith)  27 

Diphtheria : 

Bacillus,  maltase  (Sugg,  Flem¬ 
ing,  and  Neill)  909 


Diphtheria — continued : 

Toxin,  action  in  splenecto- 
mized  and  blocked  mice 
(Jungeblut)  609 

E 

Electricity: 

High  frequency  currents,  pene¬ 
tration  through  living  body 
(Christie  and  Binger) 

715 

Electrophoresis : 

Blood  cells,  relation  to  leuco¬ 
cyte  emigration  (Abramson) 

987 

Endemic : 

Paratyphoid,  Salmonella  natu¬ 
rally  appearing  in  (Nelson) 

541 

Enzyme : 

Bacterium.  VI  (Sugg,  Flem¬ 
ing,  and  Neill)  909 

Epidemiology : 

Bacillus  enteritidis  mouse  ty¬ 
phoid  infection,  native  epi- 
demicity  (Webster  and 
Pritchett)  847 

Erysipelas : 

Streptococcus,  hemolytic, 
powerful  lytic  principle 
against  (Shwartzman) 

497 

— ,  inducing  allergic  reactions 
(Dochez  and  Stevens) 

487 

Erythrocyte : 

Pneumococcus  hemotoxin,  ery¬ 
throcyte-combining  property 
(Fleming  and  Neill) 

755 

Regeneration,  effect  of  tissue 
extracts  (Jeney  and  Job- 
ling)  839 

Extract: 

Liver,  protein-free,  influence 
on  blood  regeneration  and 
respiratory  exchange  in 
anemia  (Jeney)  689 
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Extract — continued : 

Pneumococcus,  oxidized,  re¬ 
activation  of  bacteriolytic 
activity  (Neill  and  Flem¬ 
ing)  263 

Spleen,  protein-free,  influence 
on  blood  regeneration  and 
respiratory  exchange  in 
anemia  (Jeney)  689 

Tissue,  effect  on  red  blood  cell 
regeneration  (Jeney  and 
Jobling)  839 

F 

Filtration: 

Bacillus  coli,  from  bovine 
sources,  pathogenic  action 
of  culture  filtrates  (Smith 
and  Little)  123 

Virus,  filtrable,  effect  of  host 
immunity  on  growth  and 
malignancy  of  transplant¬ 
able  neoplasm  (Pearce  and 
Rivers)  65 

— ,  — ,  —  on  growth  and 
malignancy  of  transplant¬ 
able  neoplasm  (Pearce  and 
Rivers)  81 

— ,  — ,  in  submaxillary  glands 
of  guinea  pigs  (Kuttner) 

935 

Friedlander: 

Bacillus.  See  Bacillus. 

G 

Gastrointestinal  tract: 

Upper,  oxygen  content  of  ve¬ 
nous  blood  after  obstruction 
(Haden  and  Orr)  709 

Germicide : 

Soap,  germicidal  action,  effect 
of  serum  (Eggerth) 

671 

Gland : 

Submaxillary,  of  guinea  pigs, 
filtrable  virus  in  (Kuttner) 
935 


Gram: 

Staining.  See  Staining. 

H 

Heat: 

Antibodies,  effect  on,  of 
(Jones)  291 

Hemolysis: 

Pneumococcus  hemotoxin,  an¬ 
tigenic  properties  of  hemo- 
lytically  active  modification 
(Neill,  Fleming,  and 
Gaspari)  735 

—  — , - of  hemolytically 

inactive  modifications 

(Neill,  Fleming,  and  Gas¬ 
pari)  735 

Streptococcus,  hemolytic,  of 
erysipelas  origin,  powerful 
lytic  principle  against 
(Shwartzman)  497 

Hemotoxin: 

Pneumococcus,  antigenic  prop¬ 
erties  of  hemolytically  active 
modification  (Neill,  Flem¬ 
ing,  and  Gaspari)  735 
— , - of  hemolytically  in¬ 

active  modifications  (Neill, 
Fleming,  and  Gaspari) 

735 

— ,  erythrocyte-combining 
property  (Fleming  and 
Neill)  755 

— ,  immunological  distinctions 
from  protein  fraction  of  cell 
(Neill,  Fleming,  and  Gas¬ 
pari)  777 

Heparin : 

Extracorporeal  thrombosis  and 
mechanism  of  thrombus 
formation,  effect  on,  of 
(Shionoya)  19 

Magnesium  sulfate  combined 
with,  influence  on  extracor¬ 
poreal  thrombosis  (Shi¬ 
onoya)  963 
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Heredity: 

Susceptibility  to  tar-induced 
tumors  in  lungs  of  mice 
(Lynch)  917 

Tumor  susceptibility  and.  IV 
(Lynch)  917 

Hering-Breuer: 

Reflex.  See  Reflex. 

Hirudin: 

Extracorporeal  thrombosis  and 
mechanism  of  thrombus  for¬ 
mation,  effect  on,  of 
(Shionoya)  19 

I 

Immunity: 

Host,  to  filtrable  virus,  effect 
on  growth  and  malignancy  of 
transplantable  neoplasm 
(Pearce  and  Rivers) 

65 

Pneumococcus  mucosus.  Ill 
(Tillett)  343 

Reticulo-endothelial  system. 
IV  (Jungeblut)  609 

Immunization: 

Lecithin  (Levene,  Landstei- 
ner,  and  van  der  Scheer) 
197 

Pneumococcus  R  forms  induc¬ 
ing  increased  resistance  to 
Type  III  infection  (Tillett) 
343 

—  S  forms  inducing  increased 
resistance  to  Type  III  in¬ 
fection  (Tillett)  343 

Immunology: 

Bacillus  coli  from  bovine 
sources,  mutations  (Smith 
and  Bryant)  133 

Oxidation  and  reduction  of 
immunological  substances. 
VI  (Neill  and  Fleming) 

263 

- of  immunological  sub¬ 
stances.  VII  (Fleming) 

279 


Immtmology — continued : 

Oxidation  and  reduction  of 
immunological  substances. 
VIII  (Neill,  Fleming,  and 
Gaspari)  735 

- of  immunological  sub¬ 
stances.  IX  (Fleming  and 
Neill)  755 

- of  immunological  sub¬ 
stances.  X  (Neill,  Flem¬ 
ing,  and  Gaspari)  777 
Pneumococcus  hemotoxin  and 
protein  fraction  of  cell,  im¬ 
munological  distinctions 
(Neill,  Fleming,  and 
Gaspari)  777 

—  Type  II,  typical  (S-produc- 
ing)  strain  and  degraded 
(non-S-producing)  strain 
(Gaspari,  Fleming,  and 
Neill)  101 

Inflammation: 

Mechanism  of  process.  I  (Ab¬ 
ramson)  987 

- .  II  (Abramson) 

1003 

In  vivo : 

Pneumococcus  (Paul) 

807 

K 

Kidney: 

Dietary  protein,  effect  on  kid¬ 
ney  after  unilateral  nephrec¬ 
tomy  (Moise  and  Smith) 


Lecithin: 

Immunization  experiments 
(Levene,  Landsteiner,  and 
VAN  DER  Scheer)  197 

Leucemia : 

Myelogenous,  chronic,  absorp¬ 
tion  of  oxygen  by  blood, 
compared  with  absorption 
by  blood  from  normal  indi¬ 
viduals  (Daland  and  Isaacs) 
53 
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Leucocyte : 

Emigration,  relation  to  electro¬ 
phoresis  of  blood  cells  (Ab¬ 
ramson)  987 

Human  pathological  leucocytic 
states  (Doan  and  Zerfas) 
511 

- leucopenic  states  (Doan 

and  Zerfas)  511 

Increased  count,  oxygen  ab¬ 
sorption  by  blood  compared 
with  absorption  by  blood  from 
normal  individuals  (Daland 
and  Isaacs)  53 

Pseudopodium,  relation  of  ad¬ 
hesive  force  to  leucocyte 
emigration  (Abramson) 

1003 

.  Leucoc3rtosis : 

Human,  pathological,  white 
blood  cells  (Doan  and  Zer¬ 
fas)  511 

Leucopenia: 

Anemia,  transitory,  and  leuco¬ 
penia,  after  intravenous  in¬ 
oculation,  correlated  with 
local  progression  with  spon¬ 
taneous  regression  of  tuber¬ 
culosis  in  marrow  (Doan 
and  Sabin)  315 

Human,  pathological,  white 
blood  cells  (Doan  and  Zer¬ 
fas)  511 

Liver : 

Extract,  protein-free,  influence 
on  blood  regeneration  and 
respiratory  exchange  in 
anemia  (Jeney)  689 

Lungs: 

Heat,  local,  conditions  neces¬ 
sary  for  production  (Binger 
and  Christie)  585 

Temperature  measured  (Bin¬ 
ger  and  Christie)  571 
Tumor  induced  in  lungs  of 
mice  with  tar,  inheritance 
of  susceptibility  (Lynch) 
917 


Lysis : 

Bacteriophage  against  hemo¬ 
lytic  streptococci  of  ery¬ 
sipelas  origin  (Shwartzman) 
497 

M 

Magnesium  sulfate: 

Heparin  combined  with,  in¬ 
fluence  on  extracorporeal 
thrombosis  (Shionoya) 

963 

Malignancy : 

Tumor,  effect  of  filtrable  virus 
(Pearce  and  Rivers)  81 
— ,  —  —  host  immunity  to 
filtrable  virus  (Pearce  and 
Rivers)  65 

Maltase : 

Bacillus  diphtherise  (Sugg, 
Fleming,  and  Neill) 

909 

Marrow : 

Tuberculosis,  local  progression 
with  spontaneous  regression, 
correlated  with  transitory 
anemia  and  leucopenia  after 
intravenous  inoculation 
(Doan  and  Sabin)  315 
White  blood  cells  in  human, 
pathological  leucocytic 
states  (Doan  and  Zerfas) 
511 

- in  human,  patho¬ 
logical  leucopenic  states 
(Doan  and  Zerfas) 

511 

Meningitis: 

Pneumococcus,  in  rabbits 
(Stewart)  391 

— ,  local  specific  therapy. 
I  (Stewart)  391 

— , - .  II  (Stewart) 

409 

— ,  pathology  in  dogs  (Stew¬ 
art)  409 

— ,  production  in  dogs 
(Stewart)  409 
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Meningitis — continued : 

Pneumococcus,  treatment  in 
dogs  (Stewart)  409 

Metaplasia : 

Vitamin  A  deficiency,  relation 
(Goldblatt  and  Beni- 
schek)  699 

Method : 

Van  Leersum,  modified,  for 
measurement  of  systolic 
blood  pressure  of  normal 
rabbit  (Dominguez) 

443 

Microspirometer: 

Oxygen  absorption  by  living 
cells  studied  by  (Wilbur, 
Daland,  and  Cohen) 

43 

Monocyte : 

Clasmatocyte  and,  relation  to 
early  infection  in  rabbits 
with  bovine  tubercle  bacilli 
(Sabin  and  Doan)  627 

Mutation: 

Bacillus  coli,  from  bovine 
sources,  immunological  signi¬ 
ficance  (Smith  and  Bryant) 
133 

- mutant  from  bovine 

sources,  normally  and  sero¬ 
logically  induced  resistance 
(Smith)  141 

Myelogenous: 

Leucemia,  chronic,  absorption 
of  oxygen  by  blood,  com¬ 
pared  with  absorption  by 
blood  from  normal  individ¬ 
uals  (Daland  and  Isaacs) 

53 

N 

Neoplasm: 

See  Tumor. 

Nephrectomy: 

Unilateral,  effect  of  dietary 
protein  on  remaining  kidney 
after  (Moise  and  Smith) 

27 


Nervous  system: 

Central,  perivascular  tissues 
studied  with  supravital 
technique  (Kubie)  615 

O 

Obstruction: 

Gastrointestinal  tract,  upper, 
oxygen  content  of  venous 
blood  (Haden  and  Orr) 

709 

Opsonin: 

Antipneumococcus,  relation  to 
natural  resistance  against 
pneumococcus  infection 
(Robertson  and  Sia) 

239 

Oxidation : 

Pneumococcus  extracts,  oxi¬ 
dized,  reactivation  of  bac¬ 
teriolytic  activity  (Neill 
and  Fleming)  263 

Reduction  and,  of  immuno¬ 
logical  substances.  VI 
(Neill  and  Fleming) 

263 

- ,  —  immunological  sub¬ 
stances.  VII  (Fleming) 

279 

- ,  —  immunological  sub¬ 
stances.  VIII  (Neill, 
Fleming,  and  Gaspari) 

735 

—  — ,  —  immunological  sub¬ 
stances.  IX  (Fleming  and 
Neill)  755 

- ,  —  immunological  sub¬ 
stances.  X  (Neill,  Flem¬ 
ing,  and  Gaspari)  777 

Oxygen: 

Absorption  by  blood  from  nor¬ 
mal  individuals  compared 
with  absorption  by  blood 
from  patients  with  increased 
leucocyte  counts  (Daland 
and  Isaacs)  53 
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Oxygen — continued : 

Absorption  by  living  cells,  stud¬ 
ied  by  microspirometer 
(Wilbur,  Daland,  and 
Cohen)  43 

Blood,  venous,  after  upper  gas¬ 
trointestinal  tract  obstruc¬ 
tion  (Haden  and  Orr) 

709 


P 


Paratyphoid : 

-enteritidis,  microbic  virulence 
and  host  susceptibility. 
XII  (Pritchett)  557 

Guinea  pig.  Ill  (Nelson) 

541 

Pathogenicity : 

Bacillus  coli  from  bovine 
sources.  I  (Smith  and 
Little)  123 

—  —  —  bovine  sources.  II 
(Smith  and  Bryant) 

133 

- bovine  sources.  Ill 

(Smith)  141 

- bovine  sources.  IV 

(Smith)  155 

—  - bovine  sources,  cul¬ 

ture  filtrates  (Smith  and 
Little)  123 

Pathology : 

Meningitis,  pneumococcal,  in 
dogs  (Stewart)  409 

White  blood  cells  in  human 
pathological  leucocytic 
states  (Doan  and  Zerfas) 
511 

—  —  —  in  human  patho¬ 
logical  leucopenic  states 
(Doan  and  Zerfas) 

511 


Phosphatide : 

Bacillus  tuberculosis,  human, 
biological  reactions  of  rab¬ 
bits  (Sabin  and  Doan) 

645 


Plasma: 

Rabbit,  thickness  of  monolayer 
(du  Nouy)  1 

Pneumococcus : 

Extract,  oxidized,  reactivation 
of  bacteriolytic  activity 
(Neill  and  Fleming) 

263 

Growth  inhibition.  VII  (Rob¬ 
ertson  and  Sia)  239 

Hemotoxin,  antigenic  prop¬ 
erties  of  hemolytically  active 
modification  (Neill,  Flem¬ 
ing,  and  Gaspari)  735 
— , - of  hemolytically  in¬ 

active  modifications  (Neill, 
Fleming,  and  Gaspari) 

735 

— ,  erythrocyte-combining 
property  (Fleming  and 
Neill)  755 

—  and  protein  fraction, 
immunological  distinctions 
(Neill,  Fleming,  and  Gas¬ 
pari)  777 

Infection,  relation  of  opsonins 
to  natural  resistance  (Rob¬ 
ertson  and  Sia)  239 

Meningitis  in  rabbits  (Stew¬ 
art)  391 

— ,  local  specific  therapy.  I 
(Stewart)  391 

— , - .  II  (Stewart) 

409 

— ,  pathology  in  dogs  (Stew¬ 
art)  409 

— ,  production  in  dogs  (Stew¬ 
art)  409 

— ,  treatment  in  dogs  (Stew¬ 
art)  409 

mucosus,  immunity.  Ill 
(Tillett)  343 

— ,  resistance  increased  by  im¬ 
munization  with  R  forms 
(Tillett)  343 

— ,  —  —  by  immunization 
with  S  forms  (Tillett) 

343 
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Pneumococcus — continued : 

Rough,  in  vivo  (Paul) 

807 

Smooth  and  rough  colonies 
(Paul)  793 

Type  II,  immunological  prop 
erties  of  typical  (S-produc- 
ing)  strain  and  degraded 
(non-S-producing)  strain 
(Gaspari,  Fleming,  and 
Neill)  101  ! 

—  — ,  vaccination  in  mice 
(Neill  and  Gaspari) 

ltd 

Precipitin: 

Agglutination  (Jones) 

303 

Protein: 

Bacillus  tuberculosis,  human, 
biological  reactions  of  rab¬ 
bits  (Sabin  and  Doan) 

645 

Dietary,  effect  on  remaining 
kidney  after  unilateral  ne¬ 
phrectomy  (Moise  and 
Smith)  27 

Liver  extract,  protein-free,  in¬ 
fluence  on  blood  regenera¬ 
tion  and  respiratory  ex¬ 
change  in  anemia  (Jeney) 

689 

Pneumococcus,  immunological 
distinctions  from  hemotoxin 
(Neill,  Fleming,  and 
Gaspari)  777 

Spleen  extract,  protein-free,  in¬ 
fluence  on  blood  regenera¬ 
tion  and  respiratory  ex¬ 
change  in  anemia  (Jeney) 

689 

Pseudopodium: 

Leucocyte,  relation  of  adhesive 
force  to  leucocyte  emigra¬ 
tion  (Abramson)  1003 


R 

Reduction : 

Oxidation  and,  of  immuno¬ 
logical  substances.  VI 
(Neill  and  Fleming) 

263 

- ,  —  immunological  sub¬ 
stances.  VII  (Fleming) 

279 

—  — ,  —  immunological  sub¬ 
stances.  VIII  (Neill, 
Fleming,  and  Gaspari) 

735 

- ,  —  immunological  sub¬ 
stances.  IX  (Fleming  and 
Neill)  755 

- ,  —  immunological  sub¬ 
stances.  X  (Neill,  Flem¬ 
ing,  and  Gaspari)  777 

Reflex: 

Hering-Breuer  (Moore) 

819 

Respiration: 

Cell.  I  (Wilbur,  Daland, 
and  Cohen)  43 

— .  II  (Daland  and  Isaacs) 

53 

Exchange,  respiratory,  and 
blood  regeneration  in 
anemia,  influence  of  protein- 
free  liver  extracts  (Jeney) 

689 

— ,  — ,  —  blood  regeneration 
in  anemia,  influence  of  pro¬ 
tein-free  spleen  extracts 
(Jeney)  689 

Reticulo-endothelial  system: 

Immunity.  IV  (Jungeblut) 

609 

S 

Salmonella: 

Paratyphoid  in  endemic  stage 
(Nelson)  541 
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Scours : 

Bacillus  coU,  variations  from 
standpoint  of  bacterio- 
phagic  action  (Nelson) 

549 

Sensitization: 

Serum,  of  acid-fast  bacteria 
(Mudd  and  Mudd)  173 
Sepsis: 

Oxygen  absorption  by  blood, 
compared  with  absorption 
by  blood  from  normal  in¬ 
dividuals  (Daland  and 
Isaacs)  53 

Serology: 

Bacillus  coli  mutant  from  bovine 
sources,  resistance  (Smith) 


Germicidal  action  of  soaps, 
effect  on,  of  (Eggerth) 

671 

Sensitization  of  acid-fast  bac¬ 
teria  (Mudd  and  Mudd) 

173 

Surface  tension.  XV  (du 
Nouy)  1 

Soap : 

Germicidal  action,  effect  of 
serum  (Eggerth)  671 

Specificity: 

Carbohydrate  from  Type  A 
Friedlander  bacillus,  isola¬ 
tion  and  properties  (Goebel 
and  Avery)  601 

— - C  Friedlander  ba¬ 

cillus,  isolation  and  proper¬ 
ties  (Goebel  and  Avery) 

601 

Cholera  vibrio  (Landsteiner 
and  Levine)  213 

Friedlander’s  bacillus,  soluble 
substance.  Ill  (Goebel 
and  Avery)  601 

Spleen: 

Extract,  protein-free,  influence 
on  blood  regeneration  and 


Spleen — continued : 

respiratory  exchange  in 
anemia  (Jeney)  689 

Splenectomy: 

Diphtheria  toxin  action  in 
splenectomized  and  blocked 
mice  (Jungeblut)  609 
Staining: 

Gram,  reversal  of  reaction,  and 
structure  of  Bacillus  anthracis 
(Churchman)  1007 

Supravital,  for  study  of  peri¬ 
vascular  tissues  of  central 
nervous  system  (Kubie) 

615 

Streptococcus: 

Bacteriophage.  I  (Shwartz- 
man)  497 

Biology.  VII  (Dochez  and 
Stevens)  487 

Hemolytic,  of  erysipelas  origin, 
powerful  lytic  principle 
against  (Shwartzman) 

497 

scarlatinas,  toxin  (Duval  and 
Hibbard)  379 

Submaxillary  gland: 

See  Gland. 

Suprarenal: 

See  Adrenal. 

Susceptibility: 

Host,  and  microbic  virulence 
in  paratyphoid-enteritidis  in¬ 
fection.  XII  (Pritchett) 
557 

Tumor,  relation  to  heredity. 
IV  (Lynch)  917 

— ,  tar-induced,  in  lungs  of 
mice,  inheritance  of  suscep¬ 
tibility  (Lynch)  917 

Syphilis: 

VII  (Chesney,  Halley,  and 
Kemp)  223 

Reinoculation  of  treated  and 
untreated  rabbits  with  he¬ 
terologous  strains  of  Tre¬ 
ponema  pallidum  (Chesney, 
Halley,  and  Kemp)  223 
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Temperature : 

Blood,  circulating  (Binder  and 
Christie)  595 

Lungs,  conditions  necessary  for 
production  of  local  heat 
(Binder  and  Christie) 

585 

— ,  measurement  (Binder  and 
Christie)  571 

Tension: 

Surface,  of  serum.  XV  (du 
Notiy)  1 

Tetanolysin : 

Differentiation  from  teta- 
nospasmin  (Flemind) 

279 

Tetanospasmin : 

Differentiation  from  teta¬ 
nolysin  (Flemind) 

279 


Thrombosis : 

Extracorporeal.  I  (Rowntree 
and  Shionoya)  7 

II  (Shionoya)  13 

III  (Shionoya)  19 

IV  (Shionoya)  957 

V  (Shionoya)  963 

VI  (Johnson)  979 

direct  observation  (Rown¬ 
tree  and  Shionoya) 


7 

— ,  effect  of  combination  of 
heparin  and  magnesium  sul¬ 
fate  (Shionoya)  963 

— ,  —  —  physical  and  me¬ 
chanical  factors  without  use 
of  anticoagulants  (Shionoya) 


957 


— ,  —  —  physical  and  me¬ 
chanical  factors  with  use  of 
anticoagulants  (Shionoya) 
957 

— ,  in  normal  blood  (Shionoya) 

13 

— ,  and  mechanism  of  thrombus 
formation,  effect  of  heparin 
(Shionoya)  19 


Thrombosis — continued : 

Extracorporeal,  and  mechanism 
of  thrombus  formation,  ef¬ 
fect  of  hirudin  (Shionoya) 

19 

— ,  technical  modifications  in 
method  (Johnson)  979 
Tissue; 

Extract,  effect  on  red  blood 
cell  regeneration  (Jeney  and 
Joblind)  839 

Growth,  and  diet.  V  (Moise 
and  Smith)  27 

Perivascular,  of  central  nervous 
system,  studied  with  supra¬ 
vital  technique  (Kubie) 

615 

Toxin: 

Diphtheria,  action  in  splenec- 
tornized  and  blocked  mice 
(Jundeblut)  609 

Streptococcus  scarlatinx  (Du¬ 
val  and  Hibbard)  379 
Transplantation; 

Tumor,  transplantable,  growth 
and  malignancy,  effect  of 
filtrable  virus  (Pearce  and 
Rivers)  81 

— ,  — ,  —  and  malignancy, 
effect  of  host  immunity  to 
filtrable  virus  (Pearce  and 
Rivers)  65 

Treponema : 

pallidum,  reinoculation  of 
treated  and  untreated  sy¬ 
philitic  rabbits  with  heter¬ 
ologous  strains  (Chesney, 
Halley,  and  Kemp) 

223 


Tuberculosis: 

Bacillus,  bovine,  relation  of 
monocytes  and  clasmato- 
cytes  to  early  infection  in 
rabbits  (Sabin  and  Doan) 
627 


— ,  human,  biological  reactions 
in  rabbits  to  phosphatide 
from  (Sabin  and  Doan) 

645 
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Tuberculosis — continued : 

Bacillus,  human,  biological  re¬ 
actions  in  rabbits  to  protein 
from  (Sabin  and  Doan) 

645 

— ,  surface  composition  (Mudd 
and  Mudd)  167 

Local  progression  with  spon¬ 
taneous  regression  in  bone 
marrow,  correlated  with 
transitory  anemia  and  leuco- 
penia  after  intravenous  in¬ 
oculation  (Doan  and  Sabin) 
315 


Tumor : 

Growth  and  malignancy,  effect 
of  filtrable  virus  (Pearce 
and  Rivers)  81 

—  —  — ,  effect  of  host  im¬ 
munity  to  filtrable  virus 
(Pearce  and  Rivers) 

65 


Susceptibility,  relation  to  he¬ 
redity.  IV  (Lynch)  917 
Tar-induced,  in  lungs  of  mice, 
inheritance  of  susceptibility 
(Lynch)  917 

Transmission  not  accomplished 
with  cell-free  materials 
(Pearce  and  Murphy) 

205 


Typhoid : 

Mouse,  Bacillus  enteritidis, 
mode  of  spread  of  infection. 
I  (Webster  and  Pritchett) 
847 


— , - ,  mode  of  spread  of 

infection.  II  (Webster  and 
Burn)  855 

— ,  —  — ,  mode  of  spread 
of  infection.  Ill  (Webster 
and  Burn)  871 

— ,  —  — ,  mode  of  spread  of 
infection.  IV  (Webster 
and  Burn)  887 


U 


Ultrafiltration: 

(Zinsser  and  Tang)  357 


Uremia: 

Adrenal  cortex  enlargement 
(MacKay  and  MacKay) 

429 


V 

Vaccination : 

Pneumococcus  Type  II,  in 
mice  (Neill  and  Gaspari) 
113 

Van  Leersum: 

Method.  See  Method. 

Vein: 

Blood,  venous,  oxygen  content 
after  upper  gastrointestinal 
tract  obstruction  (Haden 
and  Orr)  709 

Vibrio : 

Cholera,  specific  substance 
(Landsteiner  and  Levine) 
213 


Virulence : 

Bacillus  enteritidis,  mouse  ty¬ 
phoid,  relative  virulence  of 
smooth,  mucoid,  and  rough 
strains  (Webster  and  Burn) 
887 

Microbic,  and  host  suscepti¬ 
bility  in  paratyphoid-enteri- 
tidis  infection.  XII  (Prit¬ 
chett)  557 

Virus: 

Filtrable,  in  submaxillary 
glands  of  guinea  pigs 
(Kuttner)  935 

—  (Rivers  Virus  III),  effect 
of  host  immunity  to,  on 
growth  and  malignancy  of 
transplantable  neoplasm 
(Pearce  and  Rivers) 

65 

- ,  effect  on  growth 

and  malignancy  of  trans¬ 
plantable  neoplasm  (Pearce 
and  Rivers)  81 

Vitamin  (s) : 

A,  deficiency,  and  metaplasia 
(Goldblatt  and  Beni- 
schek)  699 
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